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data book. 

New Motorola communications devices are being introduced continually. For the latest re- 
leases, additional technical information, and pricing, please contact your nearest Motorola 
Semiconductor Sales Office or authorized distributor. A complete listing of sales offices and 
authorized distributors is included at the back of this book. 
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This selection guide includes all Motorola devices characterized in this book. Other devices also used in com- 
nnunications applications, but associated with other product families, appear in the following documents. 
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Device # Function Page # 

MC68184 Broadband Interface Controller MC68184UM/AD 

MC68185 Twisted Pair Modem MC68185UM/AD 

MC68194 Carrierband Modem MC68194UM/AD 

MC68195 LocalTalk Adaptor MC68195UM/AD 

MC68605 X.25 Protocol Controller MC68605UM/AD 

MC68606 Multi-Link LAPD Controller CCITT Q.920/Q.921 MC68606UM/AD 

MC68824 Token Bus Controller MC68824UM/AD 

PHASE-LOCKED LOOP (PLL) FREQUENCY SYNTHESIZERS 

Device # Function Page # 

MC145106 PLL Frequency Synthesizer 2-495 

MC1 451 45-2 4-Bit Data Bus Input PLL Frequency Synthesizer 2-502 

MCI 451 46-2 4-Bit Data Bus Input PLL Frequency Synthesizer 2-513 

MC145149 Dual PLL Frequency Synthesizer 2-524 

MCI 451 51 -2 Parallel-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) 2-535 

MC145152-2 Parallel-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) 2-538 

MCI 451 55-2 Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) 2-542 

MCI 451 56-2 Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) 2-546 

MCI 451 57-2 Serial-Input PLL Frequency Synthesizer (Single-Modulus Prescalers) 2-550 

MCI 451 58-2 Serial-Input PLL Frequency Synthesizer (Dual-Modulus Prescalers) 2-553 

MCI 451 59-1 Serial-Input PLL Frequency Synthesizer with Analog Phase Detector 2-565 

MCI 451 60 4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones 2-574 

MCI 451 61 Dual PLL for 30/39 MHz Cordless Telephones 2-581 

MC145162 60 MHz Universal Programmable Dual PLL Frequency Synthesizer 2-587 

MC145166 4-Bit Parallel Dual PLL for 46/49 MHz Cordless Telephones 2-574 

MCI 451 67 Serial-Input Dual PLL for 46/49 MHz Cordless Telephones 2-574 

MCI 451 68 4-Bit Input Dual PLL for 46/49 MHz Cordless Telephones 2-606 

MCI 451 69 Serial-Input Dual PLL for 46/49 MHz Cordless Telephones 2-606 

MCI 451 70 PLL Frequency Synthesizer with Serial Interface (160 MHz) 2-615 

MC145173 Dual Band PLL Frequency Synthesizer 2-631 

MC145190 1.1 GHz PLL Frequency Synthesizer (30/130 MHz) 2-632 

MC145191 1.1 GHz PLL Frequency Synthesizer 2-632 

MCI 451 92 Low Voltage 1.1 GHz PLL Frequency Synthesizer 2-651 

MC145200 2.0 GHz PLL Frequency Synthesizer 2-670 

MC145201 2.0 GHz PLL Frequency Synthesizer , 2-670 

REMOTE CONTROL FUNCTIONS 

Device # Function Page# 

MCI 4469 Addressable Asynchronous Receiver/Transmitter 2-194 

MC14497 PCM Remote Control Transmitter 2-202 

MC145026 Encoder 2-461 

MC145027 Decoder 2-461 

MC145028 Decoder 2-461 
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RF COMMUNICATIONS 

Device # Function Page # 

MC2831 A Low Power FM Transmitter System 2-32 

MC2833 Low Power FM Transmitter System 2-35 

MC3356 Wideband FSK Receiver 2-38 

MC3357 Low Power FM IF 2-44 

MC3359 High Gain Low Power FM IF 2-48 

MC3361B Low Power FM IF 2-54 

MC3362 Low Power Dual Conversion FM Receiver 2-60 

MC3363 Low Power Dual Conversion FM Receiver 2-65 

MC3367 Low Voltage Single Conversion FM Receiver 2-72 

MC3371 Low Power Narrowband FM IF 2-78 

MC3372 Low Power Narrowband FM IF 2-78 

MC13055 Wideband FSK Receiver 2-135 

MC13135 Dual Conversion Narrowband FM Receiver 2-142 

MC13136 Dual Conversion Narrowband FM Receiver 2-142 

MC13155 Wideband FSK Receiver 2-154 

MC13156 Wideband FM IF System 2-169 

MC13175 UHF FM/AM Transmitter 2-170 

MC13176 UHF FM/AM Transmitter 2-170 

MRFIC2001 900 MHz Downconverter LNA/Mixer MRFIC2001/D 

MRFIC2002 900 MHz Transmit Mixer MRFIC2002/D 

MRFIC2003 900 MHz GaAs Antenna Switch MRFIC2003/D 

MRFIC2004 900 MHz Driver and Ramp MRFIC2004/D 

MRFIC2006 900 MHz Two Stage Power Amplifier MRFIC2006/D 

SPEAKERPHONES 

Device* Function Page# 

MC3321 8 Voice Switched Speakerphone with Microprocessor Interface 2-302 

MC34018 Voice Switched Speakerphone Circuit 2-370 

MC34118 Voice Switched Speakerphone Circuit 2-417 

SUBSCRIBER LOOP INTERFACE CIRCUITS (SLICs) 

Device # Function Page# 

MC3419-1L Subscriber Loop Interface Circuit ... . 2-119 

MC33120 Subscriber Loop Interface Circuit 2-232 

MC331 21 Low Voltage Subscriber Loop Interface Circuit 2-262 

VOICE CODING 

Device # Function Page# 

MC3417 CVSD Modulator/Demodulator (3-Bit Algorithm) 2-101 

MC341 8 CVSD Modulator/Demodulator (4-Bit Algorithm) 2-101 

MC3517 CVSD Modulator/Demodulator (3-Bit Algorithm) 2-101 

MC351 8 CVSD Modulator/Demodulator (4-Bit Algorithm) 2-101 

MC33110 Low Voltage Compander 2-220 

MC34115 CVSD Modulator/Demodulators 2-402 

MC145402 Serial 13-Bit Linear Codec (A/D and D/A) 2-689 

MC145480 5 V PCM Codec-Filter 2-822 

MC145500 Codec-Filter (Mono-Circuit; 16-Pin) 2-854 

MC145501 Codec-Filter (Mono-Circuit; 18-Pin) 2-854 

MC145502 Codec-Filter (Mono-Circuit; 22-Pin) 2-854 

MC145503 Codec-Filter (Mono-Circuit; 16-Pin) 2-854 

MC145505 Codec-Filter (Mono-Circuit; 16-Pin) 2-854 

MC145532 ADPCM Transcoder 2-875 

MC145540 ADPCM Codec 2-890 

MC145542 CT2 Speech and Framing IC 2-906 

MC145554 PCM Codec-Filter (16-Pin) 2-907 

MC145557 PCM Codec-Filter (16-Pin) 2-907 

MC145564 PCM Codec-Filter (20-Pin) 2-907 

MC145567 PCM Codec-Filter (20-Pin) 2-907 
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OTHER FUNCTIONS 
Device # 

MJD243 

MJD253 

MJE270 

MJE271 

MPS6717 

4N35/36/37 



Function Page # 

4-A Silicon Power Transistor 2-947 

4-A Silicon Power Transistor 2-947 

NPN Power Transistor 2-951 

PNP Power Transistor 2-951 

NPN One Watt Amplifier Transistors 2-953 

Optolsolators 2-954 



DISCONTINUED/NOT RECOMiVIENDED FOR NEW DESiGN 

Device # Function 

MC1 4400 Single-Chip Codec-Filter (Mono-Circuit) 

MCI 4401 Single-Chip Codec-Filter (Mono-Circuit) 

MC1 4402 Single-Chip Codec-Filter (Mono-Circuit) 

MCI 4403 Single-Chip Codec-Filter (Mono-Circuit) 

MCI 4405 Single-Chip Codec-Filter (Mono-Circuit) 

MC1 4408 Binary to Pulse Dialer 

MCI 4409 Binary to Pulse Dialer 

MCI 441 2-of-8 Tone Encoder/Dialer 

MCI 441 1 Bit Rate Generator 

MCI 441 2 Universal Low Speed Modem (0-600 bps) 

MCI 441 3-1,-2 PCM Band-Pass/Low-Pass Filter 

MCI 441 4-1,-2 PCM Dual Low-Pass Filter 

MCI 441 6 Time Slot Assignor Circuit 

MCI 441 7 Time Slot Assignor Circuit 

MCI 441 8 Time Slot Assignor Circuit 

MCI 441 9 2-of-8 Keypad-to-Blnary Encoder 

MCI 421 00 4x4 Crosspoint Switch with Control Memory 

MC142103 Encoder 

MCI 43403 Quad Line Driver 

MCI 43404 Quad Line Driver 

MCI 45030 Encoder/Decoder 

MCI 45031 Encoder 

MCI 45032 Decoder 

MCI 45033 Encoder/Decoder 

MCI 45034 Encoder 

MCI 45035 Decoder 

MCI 451 00 4x4 Crosspoint Switch with Control Memory 

MC145411 Bit Rate Generator 

MC145414 Dual Tunable Low- Pass Sampled Filter 

MCI 4541 5 Dual Tunable Linear Phase Low-Pass Sampled Data Filter 

MCI 4541 8 80 kbps Digital Loop Transceiver (Master) 

MCI 4541 9 80 kbps Digital Loop Transceiver (Slave) 

MCI 45421 Universal Digital Loop Transceiver II (UDLT II) 

MCI 45422 Universal Digital Loop Transceiver (UDLT) 

MCI 45425 Universal Digital Loop Transceiver II (UDLT II) 

MCI 45426 Universal Digital Loop Transceiver (UDLT) 

MCI 45428 Data Set Interface 

MCI 45429 Teleset Audio Interface Circuit (TAIC) 

MCI 45432 2600 Hz Signaling Filter 

MCI 45433 Tunable Notch/Band-Pass Filter 

MCI 45439 Encoder/Decoder 

MCI 45440 300 Baud Modem Filter (Bell 1 03) 

MCI 45441 300 Baud Modem Filter (CCITT V.21) 

MCI 45445 300 Baud Modem (Bell 103/CCITT V.21) 

MCI 45450 1200 Baud Modem (Bell 202/CCITT V.23) 

MCI 45601 Time Slot Interchange Circuit (TSIC) 

MCI 4561 Pulse Tone Dialer with Last Number Redial 

MCI 4561 1 PCM 8-Channel Conference Circuit 
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RF COMMUNICATIONS 

AM and Wideband FM Transmitters 



• liliilll 


vcc 


«cc 


liiilil 
liilili 


MaxRF 
Input 
Freq. 


Max 
Mod, 
Freq. 


Data 

Rate 

(Baud) 


Notes 


Suffix/ 
Case 


§1 


MC13175 


2-5 V 


40 mA 


8.0 
dBm 


500 MHz 


5 MHz 


10M 


AM/FM Transmitter; Single Frequency 
PLL,foUT = 8xfREF 


P/648 
D/751B 


2-170 


MCI 31 76 


2-5 V 


40 mA 


8.0 
dBm 


1GHz 


5 MHz 


10M 


AM/FM Transmitter; Single Frequency 
PLL,foUT = 32xfREF 


P/648 
D/751B 


2-170 



Wideband Single Conversion Receivers 



Device 


IIIRIII 


«CC 


12 dB 

SINAD 

Sensitivity 

(Typ) 


lllllll 


IF 


Mute 


RSSf 


Data 

Rate 

(Baud) 


Notes 


Suffix/ 
Case 


Page 


MC3356 


3-9 V 


25 mA 


30 hV 


200 
MHz 


10.7 
MHz 


Yes 


Yes 


50k 


Includes squelch and data 
shaper 


P/738 
DW/751 D 


2-38 


MCI 31 56 


2-7 V 


3 mA 


2^V 


500 
MHz 


21.4 
MHz 


No 


Yes 


1 M 


CT-2 FM demodulator 
split IF 


DW/751E 


2-169 



Wideband IPs 



ililiBlll 


vcc 


Ice 


12 dB 

SINAD 

Sensitivity 

(Typ) 


IF 


Mute 


RSSt 


Data 

Rate 

(Baud) 


i^il 


Suffix/ 
Case 


Page 


MCI 3055 


3-12 V 


25 mA 


20 ^iV 


40 MHz 


Yes 


Yes 


2M 


Wideband, includes data 
shaper 


P/648 
D/751B 


2-135 


MCI 31 55 


3-6 V 


10 mA 


100 nV 


250 MHz 


No 


Yes 


10M 


Video speed 


D/751B 


2-154 



Narrowband FM Transmitters 



Device 


Vcc 


Ice 


Output 
Power 


MaxRF 
Input 
Freq. 


H 


Data 

Rate 

(Baud) 


i^^lBI 


Suffix/ 
Case 


lliiill 


MC2831A 


3-8 V 


5.0 mA 


-30 dBm 


50 MHz 


50 kHz 


4.8k 


FM Transmitter— Includes low 
battery checker, tone oscillator 


P/648 
D/751B 


2-32 


MC2833 


3-8 V 


10 mA 


-30 dBm to 
+10 dBm 


150 MHz 


50 kHz 


4.8k 


FM Transmitter— Includes two 
frequency multiplier/amplifier 
transistors 


P/648 
D/751B 


2-35 



Narrowband Single Conversion Receivers 



Device 


Vcc 


Ice 


12 dB 

SINAD 

Sensitivity 

(Typ) 


input 

RF 

Freq. 


IF 


Hill 


RSSI 


Data 

Rate 

(Baud) 


Notes 


Suffix/ 
Case 


M 


MC3357 


4-8 V 


5 mA 


5^lV 


45 MHz 


455 kHz 


Yes 


No 


>4.8k 


Ceramic Quad 
Detector/Resonator 


P/648 


2-44 


MC3359 


4-9 V 


7 mA 


2nV 


45 MHz 


455 kHz 


Yes 


No 


>4.8k 


Scan Output Option 


P/707 
DW/751 D 


2-48 


MC3361B 


2-8 V 


6 mA 


2^lV 


60 MHz 


455 kHz 


Yes 


No 


>4.8k 


Lowest Cost Receiver 


P/648 
D/751B 


2-54 


MC3367 


1-5 V 


1 mA 


1^v 


75 MHz 


455 kHz 


Yes 


No 


>4.8k 


1 Cell Operation 


DW/751 F 


2-72 


MC3371 


2-8 V 


6 mA 


2^lV 


60 MHz 


455 kHz 


Yes 


No 


>4.8k 


RSSI 


P/648 
D/751B 


2-78 


MC3372 


2-8 V 


6 mA 


2^V 


60 MHz 


455 kHz 


Yes 


No 


>4.8k 


RSSI, Ceramic Quad 
Detector/Resonator 


P/648 
D/751B 


2-78 
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RF COMMUNICATIONS (continued) 
Narrowband Dual Conversion Receivers 



Device 


Vcc 


*cc 


12 dB 

SINAD 

Sensitivity 

OVP) 


Input 
Freq* 


1F1 


ira 


Mute 


RSSI 


Data 

Bate 

<Baud) 


Notes 


Suffix/ 
Case 


f*a9e 


MC3362 


2-7 V 


3 mA 


0.7 ^V 


180 
MHz 


10.7 
MHz 


455 
kHz 


No 


Yes 


>4.8k 


Includes buffered 
VCO output 


DW/751E 


2-60 


MC3363 


2-7 V 


4 mA 


0.4 ^iV 


180 
MHz 


10.7 
MHz 


455 
kHz 


Yes 


Yes 


>4.8k 


Includes RF 
Preamp and Mute 


DW/751F 


2-65 


MC13135 


2-7 V 


4 mA 


l^iV 


180 
MHz 


10.7 
MHz 


455 
kHz 


No 


Yes 


>4.8k 


Voltage buffered 
RSSI.LCQuad 
Detector 


DW/751E 


2-142 


MC13136 


2-7 V 


4 mA 


1 ^iV 


180 
MHz 


10.7 
MHz 


455 
kHz 


No 


Yes 


>4.8k 


Voltage buffered 
RSSI, Ceramic 
Quad Detector 


DW/751E 


2-142 



LOW-POWER OPERATIONAL AMPLIFIER 



Device 


SR 

(ryp) 


QBW 

(typ) 


ntV 
(Max) 


nA 
(Max) 


lOtnA 
(Max 
/amp) 


ISC 
mA 

(TVP) 


nVNHz 
(Typ) 


Temp 
Hange 


Note^ 


Suffix/ 
Case 


Pa^e 


MC33102 
(Awake) 
(Sleep) 


1.0 
0.1 


4.0 
0.3 


2.0 
2.0 


500 nA 
50 nA 




6.0 
6.0 


50 
25 


-40 to 85 


Dual 


P/626 
D/751 


2-208 


MC33178/9 


2.0 


5.0 


3.0 


0.5 


0.7 


80 


7.5 


-40 to 85 


Dual/Quad 


P/626 


2-292 



REMOTE CONTROL 



Function 


Numb^of 

Address 

Lines 


liulaxSmum 
Number 

of Address 
Codes 


Number of 
Data Bits 


Operation 


Device 


Suffix/Case 


Page 


Encoder 


Depends on 
Decoder(1) 


Depends on 
Decoder(1) 


Depends on 
Decoder(1) 


Simplex 


MCI 45026 


P/648 
D/751 B 


2-461 


Decoder 


5 


243 


4 


Simplex 


MCI 45027 


P/648 
DW/751G 


9 


19,683 





Simplex 


MCI 45028 



C)See MCI 45027, MC145028 



SWITCH MODE CONTROLLER 



(mA) 
Max 


Minimum 

Operating 

Voltage Range 

(V) 


Operating 
Mode 


Reference 

m 


Maximum 

Useful 

Osolliator 

Frequency 

(kHz) 


Device 


Ta 


Suffix/ 
Case 


Page 


1000 

(Totem Pole MOSFET 

Driver Output) 


4.2 to 12 


Current 


1.25 + 2.0% 


300 


MC34129 


to + 70 


P/646 
D/751 A 


2-446 


MC33129 


-40to + 85 


P/646 
D/751 A 


2-446 
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EIA-232/562/V.28 DRIVERS/RECEIVERS 



lllllllll 


^^M 


Power 
Supplies (V) 


Features 


Device 


Suffix/ 
Packagie 


R 


— 


4 


+ 5.0 


EIA-232/EIA-562 
V.28 


MC14C89B 
MC14C89AB 


P/646, D/751A 


2-9 


— 


4 


+5.0 


EIA-232A/.28 


MC1489 
MC1489A 


P/646, D/751A 


2-20 


4 


— 


±7.0 to ±12 


EIA-232/EIA-562 
V.28 


MC14C88B 


P/646, D/751A 


2-3 


4 


— 


±9.0 to ±12 


EIA-232A/.28 


MCI 488 


P/646, D/751A 


2-14 


3 


5 


±5.0 to ±12 


EIA-232A/.28 


MCI 45403 


P/738 
DW/751D 


2-700 


4 


4 


MCI 45404 


5 


3 


MCI 45405 


3 


3 


MCI 45406 


P/648,DW/751G 


2-706 


3 


3 


+ 5.0 


EIA-232A/.28; Charge Pump 


MCI 45407 


P/738, DW/751D 


2-714 


5 


5 


±5.0 to ±12 


EIA-232/V.28 


MCI 45408 


P/724, DW/751E 


2-706 


2 


3 


+3.3 to +5.0 


EIA-232/V.28; Onboard ring 
monitor circuit 


MC1 45583 


DW/751F 


2-926 


2 


3 


+ 5.0 


EIA-232/V.28; Charge Pump, 
Power Down 


MCI 45705 


P/738 
DW/751D 


2-929 


3 


2 


MC1 45706 


3 


3 


MCI 45707 


P/724, DW/751E 



EIA-422 DRIVERS/RECEIVERS 



Drivers 


Deceivers 


Power 
Supplies (V) 


Features 


Device 


Suffix/ 
Package 


Page 


4 




+ 5.0 


Pin compatible with AM26LS31. Enable and 
disable common to all four drivers. Typical ESD 
protection of 2 KV. 


MC26C31 


P/648.D/751B 


2-26 


""■ 


4 


+ 5.0 


Pin compatible with AM26LS32. Enable and 
disable common to all four receivers. Typical ESD 
protection of 2 KV. 


MC26C32 


P/648,D/751B 


2-29 


— ■ 


4 


+ 5.0 


Pin compatible with MC3486. Typical ESD 
protection of 2 KV. 


MC34C86 


P/648,D/751B 


2-95 


4 


— 


+ 5.0 


Pin compatible with MC3487. Typical ESD 
protection of 2 KV. 


MC34C87 


P/648,D/751B 


2-98 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Technical Selection Guide 
1-11 



PHASE-LOCKED LOOP FREQUENCY SYNTHESIZERS 



Frequency 
(UHz) 


Supply 
Voltage 

(V) 


Nomtttai 

Supply 

Current 

(mA) 


Phase Detector 


Standby 


Interface 


Device 


Suffix/ 
Case 


Page 


4@5V 


4.5 to 12 


6@5V 


Single-ended three-state 


No 


Parallel 


MCI 451 06 


P/707 

DW/751D 

FN/775 


2-495 


15@5V 


3.0 to 9.0 


— 


Two single-ended three-state 


Serial 


MCI 451 49 


P/738 
DW/751D 


2-524 


7.5 @ 5 V 


Analog 


MCI 451 59-1 


P/738 

DW/751D 

FN/775 


2-565 


20@5V 


3.0 to 9.0 


7.5 @ 5 V 


Single-ended three-state, 
double-ended 


No 


4-Bit 


MCI 451 45-2 


P/707 
DW/751D 


2-502 


MCI 451 46-2 


P/738 
DW/751D 


2-513 


Parallel 


MCI 451 51 -2 


P/710 

DW/751F 

FN/776 


2-535 


Double-ended 


MCI 451 52-2 


P/710 

DW/751F 

FN/776 


2-538 


Single-ended three-state, 
double-ended 


Serial 


MCI 451 55-2 


P/707 

DW/751D 

FN/775 


2-542 


MCI 451 56-2 


P/707 

DW/751D 

FN/775 


2-546 


MCI 451 57-2 


P/648 

DW/751G 

FN/775 


2-550 


MCI 451 58-2 


P/648 

DW/751G 

FN/775 


2-553 


60@3V 


2.5 to 5.5 


3.0 @ 3 V 


Two single-ended three-state 


Yes 


Parallel 


MCI 451 60 


P/707 
DW/751D 


2-574 


Serial 


MCI 451 61 


P/648 
DW/751G 


2-581 


MCI 451 62 


P/648 
DW/751G 


2-587 


Parallel 


MCI 451 66 


P/648 
DW/751G 


2-574 


Serial 


MCI 451 67 


P/648 
DW/751G 


2-574 


Parallel 


MCI 451 68 


2-606 


Serial 


MCI 451 69 


2-606 


100 @3V 
160 @5V 


2.5 to 6.0 


3.0 @3V 
7.0 @5V 


Single-ended three-state, 
double-ended 


No 


Serial 


MCI 451 70 


P/648 
D/751B 


2-615 


30/130® 
5V 


4.5 to 5.5 


25@5V 


Single-ended three-state. 
Current source/sink 


Yes 


Serial 


MCI 451 73 


DW/751E 


2-631 


1100 @5V 


4.5 to 5.5 


7.0 @5V 


Current source/sink, 
double-ended 


Yes 


Serial 


MCI 451 90 


DW/751J 


2-632 


MCI 451 91 


DW/751J 


2-632 


1100 @3V 


2.7 to 5.0 


6.0® 2.7 V 


MCI 451 92 


DW/751J 


2-651 


2000 @ 5 V 


4.5 to 5.5 


12®5V 


MCI 45200 


DW/751J 


2-670 


MCI 45201 


DW/751J 


2-670 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



TELECOM CIRCUITS 
Audio Amplifiers 






Features 



iiiijiii 



Sufflx/Case 



iiiiiii 



Low Voltage Audio Amp 



400 mW, 8.0 to 100 Q, 2.0 to 16 V, differential outputs, chip- 
disable input pin. 



MC34119 



P/626 
D/751 



2-437 



Complete Telephone Circuit 



Function 


Features 


Device 


Sufflx/Case 


Page 


POTS circuit + MPU Dialing 


Speech network, tone ringer, DC loop current interface, 
DTMF dialer with serial port control 


MC34010 


P/711 
FN/777 


2-313 



Companders 



Function 


11^^^^^^^^^^^^^^^^^^^^^^^^^^^ 


iiiiiiM^^ 


Sufflx/Case 


Page 


Basic Compander 


2.7 to 7 V, no precision externals, 80 dB range, -40 to 
+ 85°C, independent compressor and expander 


MC33110 


P/646 
D/751 A 


2-220 



Dialers 



111^^^^^^^^^^^^^^^^^^ 


^^^^^^^^g^^^^^^^^^ 


Device 


jllillljll 


Page 


Pulse/Tone Repertory Dialer 


10 number memory including LNR. Uses color burst XTAL. 
3 X 4 or 4 X 4 keyboard compatibility. 32/68 make break ratio 
(MCI 4551 2 ONLY) 


MC145412 


P/707 


2-721 


MCI 4541 3 


MCI 4551 2 


Tone/Pulse Dialer 


10 number memory including LNR plus 3 emergency num- 
bers. Dial mode output pin. Uses color burst XTAL. 


MCI 4541 6 


P/738 


2-730 


Dual Tone Multiple Frequency 
Receiver 


Pin compatible with SSI204. Single +5 V supply. Detects all 
1 6 tones. Provides guard time controls for improved speech 
immunity. Output in 4-bit hexadecimal code. 


MCI 45436 


P/646 
DW/751G 


2-742 



Integrated Services Digital Network (ISDN) 



IHIIIilll 






lljllllll 



Sufflx/Case 



Line Cards, NTIs, Pair Gain, 
ISDN Compatible Bridge Rout- 
ers, ISDN Terminals 



ANSI T1 .601 compliant, pin selectable LT or NT operation, in- 
dustry standard IDL interface, slave-slave timing mode, control 
and status provided through four-wire serial control port. 



MCI 45472 



FE/847B 



500 mW die shrink version of the MCI 45472 



MC1454LC72 



FE/847B 
FU847 



2-775 



2-775 



Network Termination (NT1 ), PC 
Based and Standalone ISDN 
Terminal Adaptors, ISDN Tele- 
phone, ISDN Video Phones 



Conforms to CCITT 1.430 and ANSI T1 .605, pin selectable NT 
and TE modes. Interchip Digital Link (IDL), serial control port 
(SCP), full multiframing capabilities, NT1 star mode, S/T and 
IDL loopbacks. 



MCI 45474 



Ly736B 



MCI 45475 



DW/751D 



2-801 



2-801 



Line Cards, NTIs, Pair Gain, 
ISDN Compatible Bridge Rout- 
ers, ISDN Terminals 



Enhanced version of the MC14LC5472, low power; 300 mW, 
ANSI T1 .601 compliant, pin selectable LT or NT operation, IDL 
and GCI interfaces, timeslot assigner, parallel or serial control 
ports 



MCI 45572 



FN/777 
FE/824A 



2-922 



Network Termination (NT1), PC 
Based and Standalone ISDN 
Terminal Adaptors, ISDN Tele- 
phone, ISDN Video Phones, 
PBX Applications, Combination 
Network Termination/Terminal 
Adaptor (NT1/TA) 



Conforms to CCITT 1.430 and ANSI T1 .605, pin selectable NT 
and TE modes. Interchip Digital Link (IDL), serial control port 
(SCP), full multiframing capabilities, NT1 star mode, S/T and 
IDL loopbacks, backwards software compatible with the 
MC1 45474/75, low power consumption, general circuit inter- 
face (GCI), timeslot assigner, NT terminal mode, slave/slave 
mode. 



MC1 45574 



Not 
Available 
until 2094 



2-924 
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TELECOM CIRCUITS (continued) 
Modems 



Single Chip 300 Baud Modem 



CCITT V.21 compatible. Capable of driving -9 dBm into 
600 n. Intemal mid-supply generator. Uses color burst XTAL. 
Adjustable transmit level and CD delay timing. 



MC1 45442 



P/738 
DW/751D 



2-748 



Single Chip 300 Baud Modem 



Bell 103 compatible. Capable of driving -9 dBm into 600 Q. 
Internal mid-supply generator. Uses color burst XTAL. Ad- 
justable transmit level and CD delay timing. 



MC1 45443 



P/738 
DW/751D 



2-748 



Single Chip 300 Baud Modem 



CCITT V.21 compatible. Capable of driving dBm into 
600 i2. Uses color burst XTAL. Adjustable transmit level and 
CD delay timing. On-chip DTMF generator and imprecise call 
progress detection. 3-wire serial interface. 



MCI 45444 



H/804 
DW/751D 



2-756 



Adjust Box, Telephones, Fax 
Machines, Answering Ma- 
chines, Key Systems, Trans- 
action Terminals 



Low-power mode, 3.5 V to 6.5 V operating range, high-per- 
formance Bell 202/V.23 demodulator, on chip ring detector, 
pin selectable oscillator frequencies: 3.68 MHz, 3.58 MHz, or 
455 kHz 



MC1 45447 



P/648 
DW/751G 



2-765 



Subscriber Loop interface Circuits (SLiCs) 



PBX Applications 



All gains externally programmable, most BORSHT functions, 
current limit adjustable to 1 00 mA 



MC3419-1L 



L/726 



2-119 



Central Office, Remote 
Terminals, PBX Applications 



All gains externally programmable, most BORSHT functions, 
current limit adjustable to 50 mA, 58 dB 
Longitudinal Balance, -42 to -58 V 



MC33120 



P/738 
FN/776 



2-232 



Central Office, Remote 
Terminals, PBX Applications 



All gains externally programmable, most BORSHT functions, 
current limit adjustable to 50 mA, 58 dB 
Longitudinal Balance, -21 .6 to ^42 V 



MC33121 



P/738 
FN/776 



2-262 



Spealcerphone Circuits 



Complete Speakerphone with 
MPU Interface 



All level detection, attenuators, and switching controls, mike 
amp, MPU interface for: volume control, mode selection, 
mike mute. 



MC33218 



P/724 
DW/751E 



2-302 



Complete Speakerphone with 
Speaker Amplifier 



All level detection (2 pt.), attenuators, and switching controls, 
mike and speaker amp 



MC34018 



P/710 
DW/751F 



2-370 



Complete Speakerphone with 
Hybrid, Filter 



All level detection (4 pt.), attenuators, and switching controls, 
mike amp with mute, hybrid, and filter 



MC34118 



P/710 
DW/751F 



2-417 



Speech Networl(s 



Functioti 


Features 


Device 


Suffix/Oase 


l>age 


Basic Phone Line Interface 


Loop current interface, speech network, line length com- 
pensation, speech/dialing modes. Bell system compliant. 


MC34014 


P/707 
D/751D 


2-345 


Basic Phone Line Interface 


Loop current interface, speech network, line length com- 
pensation, speech/dialing modes, Bell system and foreign 
countries. 


MC34114 


P/707 
D/751D 


2-384 


European Speech Network 


Loop current interface, speech network, line length com- 
pensation, speech/dialing modes, programmable masks for 
French, UK, low voltages, and PABX systems. 


TCA 3388 


DP/738 
FP/751 


2-943 



Switching Regulator 



F«nct!on 




VOeyioe 


Suflix/Caee 


l^age 


Current Mode Regulator 


For phone line power applications, soft start, current limiting, 
2% accuracy 


MC34129 


P/646 
D/751A 


2-446 
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TELECOM CIRCUITS (continued) 
Tone Ringers 



[llllllllJIJ^^^^ 



lljlljj^^^^^^^ 



iiiiiiiiii 



Suffjx/Case 



■llll 



Adjustable Tone Ringer 



Single ended output, meets FCC requirements, adjustable 
REN, different warble rates 



MC34012 
-1,-2,-3 



P/626 
D/751 



2-337 



Adjustable Tone Ringer 



Differential output, meets FCC requirements, adjustable 
REN, different warble rates 



MC34017 
-1,-2,-3 



P/626 
D/751 



2-362 



Adjustable Tone Ringer 



Differential output, meets FCC requirements, adjustable 
REN, different warble rates 



MC34217 



P/626 
D/751 



2-362 



Ring Signal Converter 



Switching regulator to convert ringing voltage to regulated 
DC output. Provides ring detect output 



TCA3385 



P/626 
FP/751 



2-935 



Voice Coding 



Function 


l"^^^^^^^^^^^^^ 


Illllillllll 


Suffix/Case 


Iliilll 


ISDN, PABX, DSP Interface, 
Cordless Telephone, Radio 


5 V single power supply PCM codec-filter. Pin selectable 
Mu-Law or A-Law companding with serial PCM interface 


MCI 45480 


P/738 
DW/751D 


2-822 


ISDN, Telephone Central Of- 
fice, PABX, DSP Interface 


PCM codec-filter with pin selectable Mu-Law or A-Law com- 
panding and serial PCM interface 


MC1 45500 


L/630 


2-954 


MC1 45501 


L^^26 


MC1 45502 


L/736 
P/708 
FN/776 


MCI 45503 


L/620 

P/648 

DW/751G 


MCI 45505 


Digital Cordless Telephone 
Base Station, T1 Multiplexer 


5 V ADPCM transcoder that is CCITT G.721 , G.723, and 
G.726 compliant for 24 and 32 kpbs with proprietary 16 kpbs 
mode. Mu-Law and A-Law compatible. 


MCI 45532 


L/620 
DW/751G 


2-875 


Digital Cordless Telephone/ 
Base Station, Voice Storage 


PCM codec-filter with ADPCM transcoder that operates at 
2.7 V CCITT G.721 , G.723, and G.726 compliant at 16, 24, 
and 32 kpbs. Includes high-gain mic amp, receiver power 
driver, auxiliary driver, sidetone and gain controls. 


MCI 45540 


P/710 
DW/751F 


2-890 


CT2 Digital Cordless 
Telephone and Base Station 


2.7 V ADPCM codec with CT2 burst-mode control logic. This 
device is a complete voice coder with framing and system 
control features for CT2 applications. 


MC1 45542 


TBD 


2-906 


ISDN, Telephone Central Of- 
fice, PABX, DSP Interface 


Dual power supply PCM codec-filter. Industry standard pin- 
out with serial PCM interface. 


MCI 45554 


P/648 

L/620 

DW/751G 


2-907 


MC1 55557 


MCI 45564 


P/738 

L/732 

DW/751D 


MCI 45567 



Voice Encoders/Decoders 









Telephone quality voice encoding/decoding, variable clock 
rate, 3-bit coding, for secure communications, voice storage/ 
retrieval, answering machines, 0-70°C 



■■ll 



IIIIIJIII 



Iliilll 



Continuously Variable 
Slope Delta (CVSD) 
Modulator/Demodulator 



MC34115 



P/738 
DW/751G 



Same as above, except 4-bit coding 



MC3418 



P/738 
DW/751G 



Same as MC34115, but -55 to + 125°C temp, range 



MC3517 



L/620 



Same as MC3418, but -55 to + 125°C temp, range 



MC3518 



L/620 



2-402 



2-101 



2-101 



2-101 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Advance Information 

Quad Low Power Line Driver 

The MC14C88B is a low power monolithic quad line driver, using BIMOS 
technology, which conforms to EIA-232-D, EIA-562, and CCITT V.28. The 
inputs feature TTL and CMOS compatibility with minimal loading. The outputs 
feature internally controlled slew rate limiting, eliminating the need for external 
capacitors. Power off output impedance exceeds 300 Q, and current limiting 
protects the outputs in the event of short circuits. 

Power supply current is less than 160 |iA over the supply voltage range of 
±4.5 to ±15 V. EIA-232-D performance is guaranteed with a minimum supply 
voltage of ±6.5 V. 

The MC14C88B is pin compatible with the MCI 488, SN75188, SN75C188, 
DS1488, and DS14C88. This device is available In 14 pin plastic DIP, and 
surface mount packaging. 
Features: 

• BIMOS Technology for Low Power Operation (<5.0 mW) 

• Meets Requirements of EIA-232-D, EIA-562, and CCITT V.28 

• Quiescent Current Less Than 1 60 |iA 

• TTL/CMOS Compatible Inputs 

• Minimum 300 Q. Output Impedance when Powered Off 

• Supply Voltage Range: ±4.5 to ±1 5 V 

• Pin Equivalent to MCI 488 

• Current Limited Output: 10 mA Minimum 

• Operating Ambient Temperature: -40" to 85°C 



MC14C88B 



QUAD LOW POWER 
LINE DRIVER 



SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 646 




D SUFFIX 

PLASTIC PACKAGE 

CASE 751 A 

(SO-14) 



Simplified Block Diagram 

(Each Driver) 



(F 



Input 2 O- 



■°]-r 



H 



w 



r^ 



£ 



Slew Rate 
Control 



Switching 
>| Control 



vcc 
-O 



250 Output 

<^^W\r-MMr-t-0 



Vee 
-o 



PIN CONNECTIONS 



3 Vcc 

^s] Input D1 




[a] Output 



(Top View) 



ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC14C88BP 


-40° to +85°C 


Plastic DIP 


MC14C88BD 


SO-14 
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MAXIMUM RATINGS (Ta = +25°C, unless otherwise noted.) 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 
VcC(max) 
VEE(min) 
(Vcc-VEE)max 


Vcc 

Vee 
Vcc -Vee 


+17 
-17 
34 


Vdc 


Input Voltage (All Inputs) 


V|n 


Vee-0.3, Vee+39 


Vdc 


Applied Output Voltage, when Vcc=Vee'^0 V 
Applied Output Voltage, when Vcc=Vee=0 V 


vx 


Vee-6.0V,Vcc+6.0V 
+15 


Vdc 


Output Current 


lo 


Self Limiting 


mA 


Operating Junction Temperature 


Tj 


-65, +150 


''C 



Devices should not be operated at these limits. The "Recommended Operating Conditions" table provides for actual 
device operation. 

RECOMMENDED OPERATING CONDITIONS 



Characteristic 


Symbol 


Min 


Typ 


IVIax 


Unit 


Power Supply Voltage 


Vcc 
Vee 


+4.5 
-15 


— 


+15 
-4.5 


Vdc 


Input Voltage (All Inputs) 


Vin 





— 


Vcc 


Vdc 


Applied Output Voltage (Vcc=VeE=0 V) 


vo 


-2.0 





+2.0 


Vdc 


Output DC Load 


Rl 


3.0 


— 


7.0 


kQ 


Operating Ambient Temperature Range 


Ta 


-40 


— 


+85 


°C 



All limits are not necessarily functional concurrently. 

ELECTRICAL CHARACTERISTICS (-40°C < Ta < +85°C, unless othen/vise noted.)* 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Current (lout = 0, see Figure 2) 
Ice @ 4.75 V < Vcc. -Vee ^ 15 V 

Outputs High 
Outputs Low 

'EE 
Outputs High 
Outputs Low 


ICC (OH) 
'CC (OL) 

"EE (OH) 
'EE (OL) 


-160 
-160 


- 


160 
160 


HA 


Output Voltage - High, Vjn < 0.8 V (Rl = 3.0 kQ, see Figure 3) 
Vcc = +4.75 V, Vee = -4.75 V 

Vcc = +5.0 V, Vee = -5.0 V 

Vcc = +6.5 V, Vee = -6.5 V 

Vcc = +12 V, Vee = -12 V 

Vcc = +1 3.2 V, Vee = -1 3.2 V (Rl = oo) 
Output Voltage - Low, Vjn > 2.0 V 
Vcc = +4.75 V, Vee = -4.75 V 

Vcc = +5.0 V, Vee = -5.0 V 

Vcc = +6.5 V, Vee = -6.5 V 

Vcc = +12 V, Vee = -12 V 

Vcc - +1 3.2 V, Vee = -1 3.2 V (Rl = «>) 


VOH 

Vol 


3.7 
4.0 
5.0 
10 

-13.2 


3.8 
4.3 
6.1 
10.5 
13.2 

-3.8 
-4.2 
-6.0 
-10.5 
-13.2 


13.2 

-3.7 
-4.0 
-5.0 
-10 


Vdc 


Output Short Circuit Current** (see Figure 4) (Vcc = 'Vee' = 15 V) 
Normally High Output, shorted to ground 
Normally Low Output, shorted to ground 


lOS 


-35 
+10 


- 


-10 
+35 


mA 


Output Source Resistance 
(Vcc = Vee = V, -2.0 V < Vout ^ +2.0 V) 


Ro 


300 


— 


— 


Q 


Input Voltage 
Low Level 
High Level 


V|L 
V|H 



2.0 


- 


0.8 

Vcc 


Vdc 



' Typicals reflect performance @ T^ = 25''C 

' Only one output shorted at a time, for not more than 1 second. 
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ELECTRICAL CHARACTERISTICS CONTINUED (-40°C < Ta < +85°C, unless otherwise noted.)* 



Characteristic 


Symbol 


IVIin 


Typ 


Max 


Unit 


Input Current 


l|n 








HA 


Vin = OV,Vcc = IVEEl = 4.75 V 




-10 


-0.1 







Vin = 0V,Vcc = IVEEl = 15V 




-10 


-0.1 







Vjn = 4.5 V, Vcc = IVee' = 4.75 V 







+0.1 


+10 




Vin = 4.5V,Vcc = IVEEl = 15V 







+0.1 


+10 





TIMING CHARACTERISTICS (-40°C < Ta < +85°C, unless otherwise noted.)* 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Rise Time 










[IS 


Vcc= 4.75 V,Vee = -4.75 V 












-3.3 V^Vo^ 3.3 V 


tRI 










CL=15pF 




0.22 


0.66 


2.1 




CL = 1000pF 




0.22 


1.52 


2.1 




-3.0 V < Vo ^ 3.0 V 


tR2 










CL=15pF 




0.20 


0.51 


1.5 




CL=1000pF 




0.20 


1.16 


1.5 




Vcc= 1 2.0 V,Vee = -12.0 V 












-3.0 V<Vo< 3.0 V 












CL = 15pF 




0.20 


0.62 


1.5 




Cl = 2500 pF 




0.20 


0.82 


1.5 




10%<Vo<90% 


tR3 










CL=15pF 




0.53 


1.41 


3.2 




Output Fail Time 










[IS 


Vcc= 4.75 V, Vee = -4.75 V 












3.3 V < Vo < -3.3 V 


tFI 










CL=15pF 




0.22 


0.93 


2.1 




CL=1000pF 




0.22 


1.28 


2.1 




3.0 V<Vo< -3.0 V 


tF2 










CL=15pF 




0.20 


0.72 


1.5 




CL=1000pF 




0.20 


1.01 


1.5 




Vcc= 12.0 V, Vee = -12.0 V 












3.0 V < Vo < -3.0 V 












CL = 15pF 




0.20 


0.70 


1.5 




Cl = 2500 pF 




0.20 


0.94 


1.5 




90%<Vo<10% 


tF3 










CL=15pF 




0.53 


1.71 


3.2 




Output Slew Rate, 3.0 kQ < Rl < 7.0 kQ, 15 pF < Cl < 2500 pF 


Sr 


4.0 


— 


30 


V/^s 


Propagation Delay A (Cl = 15 pF, see Figure 1) 










\is 


Vcc = 1 2.0 V, Vee = -12.0 V 












Input to Output - Low to High 


tPLH 


— 


0.9 


3.0 




Input to Output - High to Low 


tPHL 


— 


2.3 


3.5 




Propagation Delay B (Cl = 15 pF, see Figure 1) 












Vcc = 4.75 V, Vee = -4.75 V 












Input to Output - Low to High 


tPLH 


— 


0.4 


2.0 




Input to Output - High to Low 


tPHL 


— 


1.5 


2.5 





* Typicals reflect performance @ T/^ = 25°C 
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Figure 1. Timing Diagram 

3.0 V 




NOTES: S.G. set to: f = 20 kHz for Propagation Delay 

A 

and f = 64 kHz for Propagation Delay B; Duty 
Cycle = 50%; tR,tF< 5.0 ns ^out 




STANDARDS COIViPLIANCE 

The MC14C88 is designed to comply with EIA-232-D 
(formerly RS-232), the newer EIA-562 (which is a higher 
speed version of the EIA-232), and CCITT's V.28. EIA-562 
was written around modern integrated circuit technology, 
whereas EIA-232 retains many of the specs written around 



the electro-mechanical circuitry in use at the time of its 
creation. Yet the user will find enough similarities to allow 
a certain amount of compatibility among equipment built to 
the two standards. Following is a summary of the key 
specifications relating to the systems and the drivers. 



Parameter 


EIA-232-D 


EiA-562 


Maxinnum Data Rate 


20kbaud 


38.4 kbaud Asynchronous 
64 kbaud Synchronous 


Maximum Cable Length 


50 feet 


Based on cable capacitance/data rate 


Maximum Slew Rate 


< 30 V/^s anywhere on the waveform 


^ 30 V/^s anywhere on the waveform 
> 4.0 V/jis between +3.0 and -3.0 V 


Transition Region 


-3.0 to +3.0 V 


-3.3 to +3.3 V 


Transition Time 


For Ul > 25 ms, tR ^ 1 .0 ms 

For 25 ms > Ul > 125 ^s, tR ^ 4% Ul 

For Ul < 125 \LS, tR < 5.0 ^s 


For Ul ^ 50 ^s, 220 ns < tR < 3.1 ^is 
For Ul < 50 ^s, 220 ns < tR < 2.1 ^s 
(within the transition region) 


MARK (one, off) 


More negative than -3.0 V 


More negative than -3.3 V 


Space (zero, on) 


More positive than +3.0 V 


More positive than +3.3 V 


Short Circuit Proof ? 


Yes, to any system voltage 


Yes, to ground 


Short Circuit Current 


< 500 mA to any system voltage 


< 60 mA to ground 


Open Circuit Voltage 


IVocl^25V 


IVocl< 13.2 V 


Loaded Output Voltage 


5.0 V < IVqI < 1 5 V for loads between 3.0 kQ 
and 7.0 kfi 


IVqI ^ 3.7 V for a load of 3.0 kQ. 


Power Off Input Source Impedance 


> 300 n for IVqI^ 2.0 V 


> 300 n for IVol< 2.0 V 



NOTE: Ul = Unit Interval, or bit time. 

V.28 standard has the same specifications as EIA-232, with the exception of transition time which is listed as "less than 1.0 ms, 
or 3% of the Ul, whichever Is less". 
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Figure 2. Typical Supply Current 
versus Supply Voltage 
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Figure 3. Typical Output Voltage 
versus Supply Voltage 
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Figure 4. Typical Short Circuit Current 
versus Supply Voltage 







1 1 1 
ISC Normally Low Output 
1 1 


^^ 


--^ 


"^rr. 








Vin 
(0.8 or 2.0 


V, "^&^ 








^ 1 


)isc 




"^ 


-^^.^ 




"l 








1 1 

ISC Normally High Output 
1 1 1 



6.0 



B.O 10 12 

VccAND-Veb(V) 



-40 



Figure 5. Typical Output Voltage 
versus Temperature 





1 

VoH@Vcc = -VeE = 12V 






VoH @ Vcc= -Vee = 4.5 V 






















Vol @ Vcc= -Vee = 4.5 V 












Vol@Vcc = -Vee = 12V 










RL = 3.0kQ 



+22 

Ta, ambient temperature (°C) 



+85 
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APPLICATIONS INFORMATION 



Description 

The MC14C88 was designed to be a direct replacement 
for the MC1488 in that it meets all EIA-232 specifications. 
However, use is extended as the MC14C88 also meets the 
faster EIA-562 and CCITT V.28 specifications. Slew rate 
limited outputs conform to the mentioned specifications and 
eliminate the need for external output capacitors. Low power 
consumption is made possible by BiMOS technology. Power 
supply current is limited to less than 160 ^A, plus load 
currents over the supply voltage range of ±4.5 V to ±15 V 
(see Figure 2). 

Outputs 

The output low or high voltage depends on the state of 
the inputs, the load current, and the supply voltage (see 
Table 1 and Figure 3). The graphs apply to each driver re- 
gardless of how many other drivers within the package are 
supplying load current. 

Table 1. Function Tables 

Driver 1 





Input A 


Output A 






H 
L 


L 
H 








Drivers 2 through 4 






Input *1 


Input *2 


Output* 


H 
L 
X 


H 
X 
L 


L 
H 
H 



H = High level, L = Low level, X = Don't care. 

Driver Inputs 

The driver inputs determine the state of the outputs in ac- 
cordance with Table 1 . The nominal threshold voltage for the 
inputs is 1 .4 Vdc, and for proper operation, the Input voltages 
should be restricted to the range Gnd to Vcc- Should the 



input voltage drop below Vee by more than 0.3 V or rise 
above Vee by more than 39 V, excessive currents will flow 
at the input pin. Open input pins are equivalent to logic high, 
but good design practices dictate that inputs should never 
be left open. 

Operating Temperature Range 

The ambient operating temperature range is listed as -40° 
to +85°C and meets EIA-232-D, EIA-562 and CCITT V.28 
specifications over this temperature range. The maximum 
ambient temperature is listed as +85°C. However, a lower 
ambient may be required depending on system use, i.e. spe- 
cifically how many drivers within a package are used, and 
at what current levels they are operating. The maximum pow- 
er which may be dissipated within the package is determined 
by: 

PDmax = "^-'Xja^^ 

where: RejA = the package thermal resistance (typically, 
100°C/W for the DIP package, 125°C/W for the 
SOIC package); 

Tjmax = the maximum operating junction 
temperature (150°C); and 

Ta = the ambient temperature. 

PD = { [ (Vcc - VOH) • IIOHl 1 or [ (Vql - Vee) • 
IIolI ] }each driver + (VcC • 'CC) + (VeE • Iee) 

where: VcC and Vee are the positive and negative 

supply voltages; 
VoH and Vol are measured or estimated from 

Figure 3; 
Ice and Iee are the quiescent supply currents 

measured or estimated from Figure 2. 

As indicated, the first term (in brackets) must be calculated 
and summed for each of the four drivers, while the last terms 
are common to the entire package. 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Advance Information 

Quad Low Power Line Receiver 

The MC14C89B and MC14C89AB are low power monolithic quad line 
receivers, using bipolartechnology, which conform totheEIA-232-E,EIA-562 and 
CCITT V.28 Recommendations. The outputs feature LSTTL and CMOS 
compatibility for easy interface to +5.0 V digital systems. Internal time-domain 
filtering eliminates the need for external filter capacitors in most cases. 

The MC14C89B has an input hysteresis of 0.35 V, while the MC14C89AB 
hysteresis is 0.95 V. The response control pins allow adjustment of the threshold 
level if desired. Additionally, an external capacitor may be added for additional 
noise filtering. 

The MC14C89B and MC14C89AB are each available in a 14 pin dual-in-line 
plastic DIP and SOIC package. 
Features: 

• Low Power Consumption 

• Meets EIA-232-E, EIA-562, and CCITT V.28 Recommendations 

• TTL/CMOS Compatible Outputs 

• Standard Power Supply: + 5.0 V ± 10% 

• Pin Equivalent to MCI 489, MC1489A, Tl's SN75C189/A, SN75189/A and 
National Semiconductor's DS14C89/A 

• External Filtering Not Required in Most Cases 

• Threshold Level Externally Adjustable 

• Hysteresis: 0.35 V for MC14C89B, 0.95 V for MC14C89AB 

• Available in Plastic DIP, and Surface Mount Packaging 

• Operating Ambient Temperature: -40° to +85°C 



Simplified Block Diagram 
(Each Receiver) 



Input O 



Response 



Control 




-O Output 



IVIC14C89B 
IVIC14C89AB 



QUAD LOW POWER 
LINE RECEIVER 




P SUFFIX 

PLASTIC PACKAGE 
CASE 646 



D SUFFIX 

PLASTIC PACKAGE 

CASE 751 A 

(80-14) 



PIN CONNECTIONS 




Output B 
Ground 



Output C 



(Top View) 



ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC14C89BP 


-40° to +85°C 


Plastic DIP 


MC14C89BD 


SO-14 


MC14C89ABP 


Plastic DIP 


MC14C89ABD 


80-14 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 
Vcc(max) 
Vcc(min) 


vcc 


+ 7.0 
-0.5 


Vdc 


Input Voltage 


Vin 


±30 


Vdc 


Output Load Current 


"0 


Self-Limiting 


— 


Junction Temperature 


Tj 


-65, +150 


°C 



Devices should not be operated at these limits. The "Recommended Operating Conditions" table provides f( 
device operation. 

RECOMMENDED OPERATING CONDITIONS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Power Supply Voltage 


Vcc 


4.5 


5.0 


5.5 


Vdc 


Input Voltage 


V|n 


-25 


— 


25 


Vdc 


Output Current Capability 


lO 


-7.5 


— 


6.0 


mA 


Operating Ambient Temperature 


Ta 


-40 


— 


85 


°C 



All limits are not necessarily functional concurrently. 

ELECTRICAL CHARACTERISTICS (-40°C < Ta < 85°C, unless othenwise noted.)* 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Current (lout = 0) 
Ice @ +4.5 V < Vcc ^ +5.5 V 


'cc 





330 


700 


HA 


Output Voltage — High, Vjn < 0.4 V (See Figures 2 and 3) 

lout = -20 ^A Vcc = 4.5 V 

Vcc = 5.5 V 

lout = -3.2 mA Vcc = 4.5 V 

Vcc = 5.5 V 

Output Voltage — Low, Vjn ^ 2.4 V 

lout = 3.2 mA Vcc = 4.5 V 

Vcc = 5.5 V 


VOH 

Vol 


3.5 
3.5 
2.5 
2.5 


3.8 
4.8 
3.7 
4.7 

0.1 
0.1 


0.4 
0.4 


Vdc 


Output Short Circuit Current** (Vcc = 5.5 V, see Figure 4) 
Normally High Output shorted to ground 
Normally Low Output shorted to Vcc 


bs 


-^5 


-13.9 
+10.3 


35 


mA 


Input Threshold Voltage (Vcc = 5.0 V) 
(MC14C89AB, see Figure 5) Low Level 

High Level 
(MC14C89B, see Figure 6) Low Level 

High Level 


V|L 
V|H 
V|L 
V|H 


0.75 
1.6 
0.75 
1.0 


0.95 
1.90 
0.95 
1.3 


1.25 
2.25 
1.25 
1.5 


Vdc 


Input Impedance (+4.5 V < Vcc < +5-5 V -25 V < Vjn < +25 V) 




3.0 


5.5 


7.0 


kCl 



Typicals reflect performance @ T^ = 25°C 

Only one output shorted at a time, for not more than 1 .0 seconds. 



TIMING CHARACTERISTICS (Ta = +25^C, unless othenwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Output Transition Time (10% to 90%) 
4.5 V < Vcc ^ 5.5 V 


tT 





0.08 


0.30 


US 


Propagation Delay Time 
4.5 V < Vcc ^ 5.5 V 

Output Low-to-High 
Output HIgh-to-Low 


tpLH 
tPHL 


- 


3.35 
2.55 


6.0 
6.0 


HS 


Input Noise Rejection (see Figure 9) 




1.0 


1.5 


— 


HS 
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Figure 1. Timing Diagram 
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50 pF 



ir^ 
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(Open) 

Note: S.G.setto:f = 20kHz; 
Duty Cycle = 50%; 
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STANDARDS COiVIPLIANCE 



The MC14C89B and MC14C89AB are designed to comply 
with EIA-232-E (formerly RS-232), the newer EIA-562 (which 
is a higher speed version of the EIA-232), and CCITT V.28 
Recommendations. EIA-562 was written around modern 
integrated circuit technology, whereas EIA-232 retains many 
of the specifications written around the electro-mechanical 



circuitry in use at the time of its creation. Yet the user will 
find enough similarities to allow a certain amount of 
compatibility among equipment built to the two standards. 
Following is a summary of the key specifications relating to 
the systems and the receivers. 



Parameter 


EIA-232-E 


EIA-562 


Max Data Rate 


20 kBaud 


38.4 kBaud Asynchronous 
64 kBaud Synchronous 


Max Cable Length 


50 feet 


Based on cable capacitance/data rate 


Transition Region 


-3.0 V to +3.0 V 


-3.0 V to +3.0 V 


MARK (one, off) 


More negative than -3.0 V 


More negative than -3.3 V 


SPACE (zero, on) 


More positive than +3.0 V 


More positive than +3.3 V 


Fail Safe 


Output = Binary 1 


Output = Binary 1 ^ 


Open Circuit Input Voltage 


< I2.0IV 


Not Specified 


Slew Rate (at the driver) 


^ 30 V/[is anywhere on the waveform 


<, 30 V/|is anywhere on the waveform, 
> 4.0 V/^is between +3.0 V and -3.0 V 


Loaded Output Voltage (at the driver) 


5.0 V ^ IVqI ^ 15 V for loads between 
3.0kfiand7.0kfl 


IVqI ^ 3.7 V for a load of 3.0 kQ 



Figure 2. Typical Output versus Supply Voltage 
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Figure 3. Typical Output Voltage versus Temperature 
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^ 



-5.0 



-10 



Figure 4. Typical Sliort Circuit Current 
versus Temperature 
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Figure 5. Typical Threshold Voltage 
versus Temperature 
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Figure 6. Typical Threshold Voltage 
versus Temperature 
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Figure 7. Typical Effect of Response 
Control Pin Bias 
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Figure 8. Typical Noise Pulse Rejection 
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APPLICATIONS INFORMATION 



Description 

The MC14C89AB and MC14C89B are designed to be 
direct replacements for the MC1489A and !VIC1489. Both 
devices meet all the EIA-232 specifications and also the 
faster EIA-562 and CCITT V.28 specifications. Noise pulse 
rejection circuitry eliminates the need for most response 
control filter capacitors but does not exclude the possibility 
as filtering Is still possible at the Response Control (RC) pins. 
Also, the Response Control pins allow for a user defined 
selection of the threshold voltages. The MC14C89AB and 
MC14C89B are manufactured with a bipolar technology 
using low power techniques and consume at most 700 jiA, 
plus load currents with a +5.0 V supply. 

Outputs 

The output low or high voltage depends on the state of 
the inputs, the load current, the bias of the Response Control 
pins, and the supply voltage. Table 1 applies to each receiver, 
regardless of how many other receivers within the package 
are supplying load current. 

Table 1. Function Table 
Receivers 



Input * 


Output * 


H 

L 


L 
H 



*The asterisk denotes A, B, 0, or D. 

Receiver Inputs and Response Control 

The receiver inputs determine the state of the outputs in 
accordance with Table 1 . The nominal V|l and V|h thresholds 
are 0.95 V and 1.90 V respectively for the MC14C89AB. For 
the MC14C89B, the nominal V|l and V|h thresholds are 0.95 
and 1.30, respectively. The inputs are able to withstand 
±30V referenced to ground. Should the Input voltage 
exceed ground by more than ± 30 V, excessive currents will 
flow at the input pin. Open input pins will generate a logic 
high output, but good design practices dictate that inputs 
should never be left open. 

The Response Control (RC) pins are coupled to the inputs 
through a resistor string. The RC pins provide for adjustment 
of the threshold voltages of the IC while preserving the 
amount of hysteresis. Figure 10 shows a typical application 
to adjust the threshold voltages. The RC pins also provide 
access to an internal resistor string which permits low pass 
filtering of the input signal within the IC. Like the Input pins, 
the RC pins should not be taken above or below ground by 
more than ± 30 V or excessive currents will flow at these 
pins. The dependence of the low level threshold voltage (V|l) 
upon Rrc and Vbat can be described by the following 
equation, 

(1) 
' Vo.09 - Vbat I 



V|L' 



f 5.32 ka + 



Rrc (1-6) + 2.02 kQ 
6.67 X 106 q2 \ 

Rrc I 



\ 505 Q / 

V|H can be found by calculating for V|i_ using equation (1) 
then adding the hysteresis for each device (0.35 for the 



MC14C89B or 0.95 V for the MC14C89AB). Figure 7 plots 
equation (1) for two values of Vbat and a range of Rrc- 
If an RC pin is to be used for low pass filtering, the 
capacitor chosen can be calculated by the equation. 



Crc- 



1 



(2) 



2.02 kn 271 f_3 dB 
where f-3 dB represents the desired -3 dB roll-off frequency of 
the low pass filter. 

Figure 10. Application to Adjust Thresholds 

^ ^[^ Response Control Pin 



iVbat 



Another feature of the MC14C89AB and MC14C89B is 
input noise rejection. The inputs have the ability to ignore 
pulses which exceed the V|h and V|l thresholds but are less 
than 1 .0 i^s in duration. As the duration of the pulse exceeds 
1 .0 us, the noise pulse may still be ignored depending on 
its amplitude. Figure 8 is a graph showing typical input noise 
rejection as a function of pulse amplitude and pulse duration. 
Figure 8 reflects data taken for an input with an unconnected 
RC pin and applied to the MC14C89AB and MC14C89B. 

Operating Temperature Range 

The ambient operating temperature range is listed as 
-40°C to +85°C, and the devices are designed to meet the 
EIA-232-E, EIA-562 and CCITT V.28 specifications over this 
temperature range. The Timing Characteristics are 
guaranteed to meet the specifications at +25°C. The 
maximum ambient operating temperature is listed as +85°C. 
However, a lower ambient may be required depending on 
system use, (I.e., specifically how many receivers within a 
package are used) and at what current levels they are 
operating. The maximum power which may be dissipated 
within the package is determined by: 



Tj(n 



-ta 



'^("^^^)= ReJA 
where: RejA = thermal resistance (typ., 1 00°C/\N for the 
DIP and 125°C/W for the SOIC packages); 
Tj(max) = maximum operating junction temperature 
(150X);and 
Ta = ambient temperature. 

PD = {[(Vcc - VOH) • llQHl] or 

[(Vol) • ll0Ll]}each receiver +(VCC • 'CC) 
where: Vcc = positive supply voltage; 
Vqh. Vol = measured or estimated from Figure 2 
and 3; 
Iqc = measured quiescent supply current. 

As Indicated, the first term (in brackets) must be calculated 
and summed for each of the four receivers, while the last 
term is common to the entire package. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MC1488 



QUAD LINE DRIVER 

The MCI 488 is a monolithic quad line driver designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specifications of El A Standard No. RS-232C. 

Features: 

• Current Limited Output 

±10mAtyp 

• Power-Off Source Impedance 

300 Ohms min 

• Simple Slew Rate Control with External Capacitor 

• Flexible Operating Supply Range 

• Compatible with All Motorola MDTL and MTTL Logic Families 



QUAD MDTL LINE DRIVER 
RS-232C 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



TYPICAL APPLICATION 




LINE DRIVER INTERCONNECTING 
MC1488 CABLE 




LINE RECEIVER 
MC1489 




\) ^ 


o— 


P^_,> 


r 


MDTL LOGIC 


1 1 

■ INTERCONNECTING 




-MDTL LOGIC OUTPUT 


1 1 






L SUFFIX P SUFFIX 

CERAMIC PACKAGE PLASTIC PACKAGE 
CASE 632 CASE 646 

D SUFFIX 

PLASTIC PACKAGE 
CASE 751A 14 ^ 
(SO-14) 

PIN CONNECTIONS 
^_^ 





CIRCUIT SCHEMATIC 

(1/4 OF CIRCUIT SHOWN) 



PINS4,9, 12 0R 2 
INPUT O }^ 



-w- 



'n 



> 



JiBk (. H- 



c_ 



f VSA< O OUTPUT 

PINS 6, 8, 11 OR 3 



MDTL and MTTL are trademarks of Motorola Inc. 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted.) 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 
Vee 


+ 15 
-15 


Vdc 


Input Voltage Range 


V|R 


-15^V|R^ 
7.0 


Vdc 


Output Signal Voltage 


vo 


±15 


Vdc 


Power Derating (Package Limitation, Ceramic 
and Plastic Dual-ln-Line Package) 
Derate above Ta = +25^ 


Pd 

l/R^JA 


1000 
6.7 


mW 
mW/°C 


Operating Ambient Temperature Range 


Ta 


Oto +75 


°C 


Storage Temperature Range 


"•"stg 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Vcc = +90 ±1% Vdc, Vee = - 


-9.0 ±1%Vdc, Ta = 


to 75°C 


unless otherwise noted.) 


Characteristic 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current — Low Logic State (V|l = 0) 


1 


l|L 


— 


1.0 


1.6 


mA 


Input Current — High Logic State (V|h = 5.0 V) 


1 


"IH 


— 


— 


10 


mA 


Output Voltage — High Logic State 
(V|l = 0.8 Vdc, Rl = 3.0 kn, Vcc = +9.0 Vdc, Vee = -9.0 Vdc) 
(V|L = 0.8 Vdc, Rl = 3.0 kn, Vcc = +13.2 Vdc, Vee = -13.2 Vdc) 


2 


VOH 


+ 6.0 
+ 9.0 


+ 7.0 
+ 10.5 


- 


Vdc 


Output Voltage — Low Logic State 
(V|H = 1.9 Vdc, Rl = 3.0 kn, Vcc = +9.0 Vdc, Vee = -9.0 Vdc) 
(V(H = 1.9 Vdc, Rl = 3.0 kn, Vcc = +13.2 Vdc, Vee = -13.2 Vdc) 


2 


Vol 


-6.0 
-9.0 


-7.0 
-10.5 


- 


Vdc 


Positive Output Short-Circuit Current (1) 


3 


IOS+ 


+ 6.0 


+ 10 


+ 12 


mA 


Negative Output Short-Circuit Current (1) 


3 


lOS- 


-6.0 


-10 


-12 


mA 


Output Resistance (Vcc = Vee = 0, |Vol = ±2.0 V) 


4 


ro 


300 


— 


— 


Ohms 


Positive Supply Current (R| = ») 
(V|H = 1.9 Vdc, Vcc = +9.0 Vdc) 
(V|L = 0.8 Vdc, Vcc = +9.0 Vdc) 
(V|H = 1.9 Vdc, Vcc = +12 Vdc) 
(V|L = 0.8 Vdc, Vcc = +12 Vdc) 
(V|H = 1.9 Vdc, Vcc = +15 Vdc) 
(V|L = 0.8 Vdc, Vcc = +15 Vdc) 


5 


Ice 




+ 15 
+ 4.5 
+ 19 
+ 5.5 


+ 20 
+ 6.0 
+ 25 
+ 7.0 
+ 34 
+ 12 


mA 


Negative Supply Current (Rl = ^) 
(V|H = 1.9 Vdc, Vee = -9.0 Vdc) 
(V|L = 0.8 Vdc, Vee = -9.0 Vdc) 
(V|H = 1.9 Vdc, Vee = -12 Vdc) 
(V|L = 0.8 Vdc, Vee = -12 Vdc) 
(V|H = 1.9 Vdc, Vee = -15 Vdc) 
(V|L = 0.8 Vdc, Vee = -15 Vdc) 


5 


lEE 


- 


-13 
-18 


-17 
-500 
-23 
-500 
-34 
-2.5 


mA 

mA 
mA 
mA 
mA 


Power Consumption 
(Vcc = 9.0 Vdc, Vee = -9.0 Vdc) 
(Vcc = 12 Vdc, Vee = -12Vdc) 




Pc 


- 




333 
576 


mW 



SWITCHING CHARACTERISTICS (Vcc - +9-0 ±1% Vdc, Vee = -90 ±1% Vdc,TA = +25°C.) 



Propagation Delay Time (z| = 3.0 k and 15 pF) 


6 


tPLH 


— 


275 


350 


ns 


Fall Time (z| = 3.0 k and 15 pF) 


6 


tTHL 


— 


45 


75 


ns 


Propagation Delay Time (z| = 3.0 k and 15 pF) 


6 


tPHL 


— 


110 


175 


ns 


Rise Time (z| = 3.0 k and 15 pF) 


6 


tTLH 


— 


55 


100 


ns 



(1) Maximum Package Power Dissipation may be exceeded if all outputs are shorted simultaneously. 
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CHARACTERISTIC DEFINITIONS 



FIGURE 1 - INPUT CURRENT 

+9V -9V 



FIGURE 2 - OUTPUT VOLTAGE 

+9 V -9 V 





FIGURE 3 - OUTPUT SHORT-CIRCUIT CURRENT 

vcc vee 



FIGURE 4 - OUTPUT RESISTANCE (POWER-OFF) 




vo 

i2Vdc 




FIGURE 5 - POWER-SUPPLY CURRENTS 

Vcc 



FIGURE 6 - SWITCHING RESPONSE 
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FIGURE 7 — TRANSFER CHARACTERISTICS 
versus POWER-SUPPLY VOLTAGE 



TYPICAL CHARACTERISTICS 

(T/\ = +25°C unless otherwise noted.) 

FIGURE 8 - 
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■ SHORT-CIRCUIT OUTPUT CURRENT 
versus TEMPERATURE 
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FIGURE 9 — OUTPUT SLEW RATE 
versus LOAD CAPACITANCE 



FIGURE 10 — OUTPUT VOLTAGE 
AND CURRENT-LIMITING CHARACTERISTICS 
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FIGURE 11 — MAXIMUM OPERATING TEMPERATURE 
versus POWER-SUPPLY VOLTAGE 
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APPLICATIONS INFORMATION 



The Electronic Industries Association (El A) RS232C specification 
detail the requirements for the interface between data processing 
equipment and data communications equipment. This standard 
specifies not only the number and type of interface leads, but also the 
voltage levels to be used. The MC1488 quad driver and its companion 
circuit, the MC1489 quad receiver, provide a complete interface system 
between DTL or TTL logic levels and the RS232C defined levels. The 
RS232C requirements as applied to drivers are discussed herein. 

The required driver voltages are defined as between 5 and 15- 
volts in magnitude and are positive for a logic "0" and negative for 
a logic "1". These voltages are so defined when the drivers are 
terminated with a 3000 to 7000-ohm resistor. The MCI 488 meets 
this voltage requirement by converting a DTL/TTL logic level into 
RS232C levels with one stage of inversion. 

The RS232C specification further requires that during transi- 
tions, the driver output slew rate must not exceed 30 volts per 
microsecond. The inherent slew rate of the MC1488 is much too 



- SLEW RATE versus CAPACITANCE 
FOR lsc = 10 mA 



FIGURE 13 - POWER-SUPPLY PROTECTION 
TO MEET POWER-OFF FAULT CONDITIONS 
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fast for this requirement. The current limited output of the device 
can be used to control this slew rate by connecting a capacitor to 
each driver output. The required capacitor can be easily determined 
by using the relationship C = IqS x AT/AV from which Figure 12 is 
derived. Accordingly, a 330-pF capacitor on each output will 
guarantee a worst case slew rate of 30 volts per microsecond. 

The interface driver is also required to withstand an accidental 
short to any other conductor in an interconnecting cable. The worst 
possible signal on any conductor would be another driver using a 
plus or minus 15-volt, 500-mA source. The MC1488 is designed to 
indefinitely withstand such a short to all four outputs in a package 
as long as the F>ower-supply voltages are greater than 9.0 volts (i.e., 
Vcc>90 V; Vee<-90 V). In some power-supply designs, a loss 
of system power causes a low impedance on the power-supply out- 
puts. When this occurs, a low impedance to ground would exist at 
the power inputs to the MCI 488 effectively shorting the 300-ohm 
output resistors to ground. If all four outputs were then shorted 
to plus or minus 15 volts, the power dissipation in these resistors 
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would be excessive. Therefore, if the system is designed to permit 
low impedances to ground at the power-supplies of the drivers, a 
diode should be placed in each power-supply lead to prevent over- 
heating in this fault condition. These two diodes, as shown in 
Figure 13, could be used to decouple all the driver packages in a 
system. (These same diodes will allow the MCI 488 to withstand 
momentary shorts to the +25-volt limits specified in the earlier 
Standard RS232B.) The addition of the diodes also permits the 
MC1488 to withstand faults with power-supplies of less than the 
9.0 volts stated above. 

The maximum short-circuit current allowable under fault con- 
ditions is more than guaranteed by the previously mentioned 
10 mA output current limiting. 

Other Applications 

The MC1488 is an extremely versatile line driver with a myriad 
of possible applications. Several features of the drivers enhance 
this versatility: 

1. Output Current Limiting - this enables the circuit designer 
to define the output voltage levels independent of power-supplies 
and can be accomplished by diode clamping of the output pins. 
Figure 14 shows the MCI 488 used as a DTL to MOS translator 
where the high-level voltage output is clamped one diode above 
ground. The resistor divider shown is used to reduce the output 
voltage below the 300 mV above ground MOS input level limit. 

2. Power-Supply Range - as can be seen from the schematic 
drawing of the drivers, the positive and negative driving elements 
of the device are essentially independent and do not require match- 
ing power-supplies. In fact, the positive supply can vary from a 
minimum seven volts (required for driving the negative pulldown 
section) to the maximum specified 15 volts. The negative supply 
can vary from approximately -2.5 volts to the minimum specified 
-15 volts. The MC1488 will drive the output to within 2 volts of 
the positive or negative supplies as long as the current output limits 
are not exceeded. The combination of the current-limiting and 
supply-voltage features allow a wide combination of possible out- 
puts within the same quad package. Thus if only a portion of the 
four drivers are used for driving RS232C lines, the remainder could 
be used for DTL to MOS or even DTL to DTL translation. Figure 15 
shows one such combination. 
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FIGURE 14 - MDTL/MTTL-TO-MOS TRANSLATOR 
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FIGURE 15 - LOGIC TRANSLATOR APPLICATIONS 
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QUAD LINE RECEIVERS 



The MCI 489 monolithic quad line receivers are designed to inter- 
face data terminal equipment with data communications equipment 
in conformance with the specifications of El A Standard No. RS-232C. 



• Input Resistance — 3.0 k to 7.0 kilohms 

• Input Signal Range -±30 Volts 

• Input Threshold Hysteresis Built In 

• Response Control 

a) Logic Threshold Shifting 

b) Input Noise Filtering 



TYPICAL APPLICATION 
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MAXIMUM RATINGS (Ta = +25°C unless otherwise noted) 



Rating 




Value 


Unit 


Power Supply Voltage 


vcc 


10 


Vdc 


Input Voltage Range 


V|R 


±30 


Vdc 


Output Load Current 


IL 


20 


mA 


Power Dissipation (Package Limitation, Ceramic 
and Plastic Dual In-Line Package) 
Derate above Ta = +25°C 


Pd 

1/0JA 


1000 
6.7 


mW 
mW/°C 


Operating Ambient Temperature Range 


Ta 


Oto +75 


°C 


Storage Temperature Range 


Tstq 


-65 to +175 


°C 



ELECTRICAL CHARACTERISTICS (Response control pin is open.) (Vcc = +5.0 Vdc ±10%, Ta = to +75°C unless 

otherwise noted) 



Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Positive Input Current (V|h = +25 Vdc) 

(V|H = +3.0 Vdc) 


l|H 


3.6 
0.43 


— 


8.3 


mA 


Negative Input Current (V|l = -25 Vdc) 

(V|L = -3.0 Vdc) 


l|L 


-3.6 
-0.43 


— 


-8.3 


mA 


Input Turn-On Threshold Voltage 
(Ta = +25°C, Vol ^ 0.45 V) MC1489 

MC1489A 


V|H 


1.0 
1.75 


1.95 


1.5 
2.25 


Vdc 


Input Turn-Off Threshold Voltage 
(Ta = +25^, VoH > 2.5 V, II = -0.5 mA) MC1489 

MC1489A 


V|L 


0.75 
0.75 


0.8 


1.25 
1.25 


Vdc 


Output Voltage High (V|h = 0.75 V, II = -0.5 mA) 

(Input Open Circuit, II = -0.5 mA) 


VOH 


2.5 
2.5 


4.0 
4.0 


5.0 
5.0 


Vdc 


Output Voltage Low (V|l = 3.0 V, II = 10 mA) 


Vol 


— 


0.2 


0.45 


Vdc 


Output Short-Circuit Current 


los 


— 


-3.0 


-4.0 


mA 


Power Supply Current (All Gates "on," lout = "^A, V|h = +5.0 Vdc) 


Ice 


— 


16 


26 


mA 


Power Consumption (V|h = +5.0 Vdc) 


Pc 


— 


80 


130 


mW 



SWITCHING CHARACTERISTICS (Vpc = 5.0 Vdc ±1%, Ta = +25°C, See Figure 1.) 



Propagation Delay Time (Rl = 3.9 kH) 


tPLH 


— 


25 


85 


ns 


Rise Time (Rl = 3.9 kft) 


tTLH 


— 


120 


175 


ns 


Propagation Delay Time (R|_ = 390 kft) 


tPHL 


— 


25 


50 


ns 


Fall Time (Rl = 390 kft) 


tTHL 


— 


10 


20 


ns 



FIGURE 1 — SWITCHING RESPONSE 

+5Vdc< 
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FIGURE 2 — RESPONSE CONTROL NODE 
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C, capacitor is tor noise filtering. 
R, resistor is for threshold shifting. 
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TYPICAL CHARACTERISTICS 

(Vcc = 5.0 Vdc, Ta = +25°C unless otherwise noted) 



+10 
+8.0 
+6.0 
+4.0 
+2.0 

-2.0 
, -4.0 
-6.0 
-8.0 
-10 



FIGURE 3 — INPUT CURRENT 
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FIGURE 5 — MC1489A INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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FIGURE 4 — MC1489 INPUT THRESHOLD 
VOLTAGE ADJUSTMENT 
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FIGURE 6 — INPUT THRESHOLD VOLTAGE 
versus TEMPERATURE 
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FIGURE 7 — INPUT THRESHOLD versus 
POWER-SUPPLY VOLTAGE 
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APPLICATIONS INFORMATION 



General Infonnation 

The Electronic Industries Association (EIA) has released 
the RS-232C specification detailing the requirements for 
the interface between data processing equipment and 
data communications equipment. This standard speci- 
fies not only the number and type of interface leads, 
but also the voltage levels to be used. The MC1488 quad 
driver and Its companion circuit, the MC1489 quad re- 
ceiver, provide a complete interface system between 
DTL or TTL logic levels and the RS-232C defined levels. 
The RS-232C requirements as applied to receivers are 
discussed herein. 

The required input impedance is defined as between 
3000 ohms and 7000 ohms for input voltages between 
3.0 and 25 volts in magnitude; and any voltage on the 
receiver input in an open circuit condition must be less 
. than 2.0 volts in magnitude. The MC1489 circuits meet 
these requirements with a maximum open circuit volt- 
age of one Vg^. 

The receiver shall detect a voltage between -3.0 and 
-25 volts as a Logic "V and Inputs between +3.0 and 
+ 25 volts as a Logic "0." On some interchange leads, 
an open circuit of power "OFF" condition (300 ohms or 
more to ground) shall be decoded as an "OFF" condition 
or Logic "1." For this reason, the input hysteresis 
thresholds of the MC1489 circuits are all above ground. 
Thus an open or grounded input will cause the same 
output as a negative or Logic "1" input. 

Device Characteristics 

The MCI 489 interface receivers have internal feedback 
from the second stage to.the input stage providing input 



hysteresis for noise rejection. The MCI 489 input has 
typical turn-on voltage of 1.25 volts and turn-off of 1.0 
volt for a typical hysteresis of 250 mV. The MC1489A 
has typical turn-on of 1.95 volts and turn-off of 0.8 volt 
for typically 1.15 volts of hysteresis. 

Each receiver section has an external response con- 
trol node in addition to the input and output pins, 
thereby allowing the designer to vary the input thresh- 
old voltage levels. A resistor can be connected between 
this node and an external power-supply. Figures 2, 4 
and 5 illustrate the input threshold voltage shift possible 
through this technique. 

This response node can also be used for the filtering 
of high-frequency, high-energy noise pulses. Figures 8 
and 9 show typical noise-pulse rejection for external 
capacitors of various sizes. 

These two operations on the response node can be 
combined or used individually for many combinations 
of interfacing applications. The MC1489 circuits are par- 
ticularly useful for interfacing between MOS circuits and 
MDTUMTTL logic systems. In this application, the input 
threshold voltages are adjusted (with the appropriate 
supply and resistor values) to fall in the center of the 
MOS voltage logic levels. (See Figure 10) 

The response node may also be used as the receiver 
input as long as the designer realizes that he may not 
drive this node with a low impedance source to a volt- 
age greater than one diode above ground or less than 
one diode below ground. This feature is demonstrated 
in Figure 1 1 where two receivers are slaved to the same 
line that must still meet the RS-232C impedance 
requirement. 



FIGURE 8 — TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 



FIGURE 9 — TYPICAL TURN-ON THRESHOLD versus 
CAPACITANCE FROM RESPONSE CONTROL PIN TO GND 
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APPLICATIONS INFORMATION (cont.nued) 



FIGURE 10 ~ TYPICAL TRANSLATOR APPLICATION — 
MOS TO DTL OR TTL 
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FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C 
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APPLICATIONS INFORMATION (continued) 



FIGURE 11 — TYPICAL PARALLELING OF TWO MC1489,A RECEIVERS TO MEET RS-232C 
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Product Preview 

Quad EIA-422-A Line Driver 

CMOS 

The MC26C31 is a quad differential line driver designed for digital data 
transmission over balanced lines. The MC26C31 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC26C31 accepts TTL or CMOS input levels and translates these to 
EIA-422-A output level. This part uses special output circuitry that enables the 
individual drivers to power down without loading down the bus. The MC26C31 also 
includes special circuitry which will set the outputs to a high impedance mode 
during power up or down, preventing spurious glitches. This device has enable and 
disable circuitry common for all four drivers. 

The MC26C31 is pin compatible with the AM26LS31 . 

Ail pins are protected against damage due to electrostatic discharges. 

• Maximum Supply Current: 3 mA 

• 2000-V ESD Protection on the Inputs and Outputs 

• TTL/CMOS Input Compatible 

• Typical Propagation Delay: 6 ns 

• Typical Output Skew: 1 ns 

• Meets Vo = 6.0 V (and Vq = 0.25 V), Vcc = V, Iq < 100 I^A Requirement 

• Meets the Requirements of Standard EIA-422-A 

• Operation from single 5-V Supply 

• High-Impedance Mode for Outputs Connected to System Buses 
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TRUTH TABLE 



Control Inputs E/E 


Input 


Non-Inverting 
Output 


Inverting 
Output 


L/H 


X 


Z 


Z 


All other combinations of 
enable inputs 


H 


H 


L 


L 


L 


H 



X = Don't Care 

Z = High Impedance 



H = High Logic State 
L = Low Logic State 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


Vcc 


7 


V 


DC Input Voltage 


Vin 


-1.5 to Vcc +1-5 


V 


DC Output Voltage* 


Vout 


-0.5 to Vcc +0.5 


V 


DC Output Current, per Pin 


'out 


150 


mA 


DC Vcc or GND Current, per Pin 


Idd 


150 


mA 


Storage Temperature 


Tstg 


-65 to + 150 


°C 


Power Dissipation 


Pd 


500 


mW 


ESD (Human Body model) 




2000 


V 



Power-on conditions. 



OPERATING CONDITIONS 



Rating 


Symbol 


Min 


Max 


Unit 


Power Supply Voltage 


Vcc 


4.5 


5.5 


V 


DC Input Voltage 


Vin 





Vcc 


V 


Operating Temperature Range 


Ta 


-40 


+ 85 


°c 


Input Rise and Fall Time 


tr.tf 


— 


500 


ns 


DC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless othenwise stated) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Input Voltage (Low Logic State) 


V|L 


- 


- 


0.8 


V 


Input Voltage (High Logic State) 


VjH 


2.0 


- 


— 


V 


Output Voltage (Low Logic State) Isjnk = 20 mA 


Vol 


- 


0.3 


0.5 


V 


Output Voltage (High Logic State) Isource = 20 mA 


VOH 


2.5 


2.8 


— 


V 


Output Differential Voltage Rl = 100 Q (Note 1) 


VOD 


2.0 


— 


— 


V 


Output Differential Voltage Difference Rl = 100 i2 (Note 1) 


D(VoD) 


— 


— 


±0.4 


V 


Output Offset Voltage Rl = 1 00 Q (Note 1 ) 


vos 


— 


— 


3.0 


V 


Output Offset Voltage Difference Rl = 100 i2 (Note 1) 


D(Vos) 


— 


— 


±0.4 


V 


Input Current V|h = Vcc. GND, V|h or V|l 


lin 


- 


- 


±1.0 


^A 


Quiescent Supply Current lout = ^A 


'cc 


- 


- 


3.0 


mA 


Output Short Circuit Current (Note 2) 


los 


-30 


-100 


-150 


mA 


Output Leakage Current (Hi-Z State) Vout = VcC or GND 


'O(Z) 


— 


— 


±1.0 


^A 


Input Leakage Current (Power Off) Vout = 6 V 

Vout = - 0.25 V 


'oxh 
loxl 


— 


— 


100 
-100 


HA 



NOTES: 

1 . See EIA specifications EIA-422-A for exact test conditions. 

2. Only one output may be shorted at a time. 
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AC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless otherwise stated) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Input to Output (S1 Open) 


tPLH 
tpHL 


— 


6 


12 


ns 


Output Skew (S1 Open)* 


Skew 


- 


1.0 


4 


ns 


Differential Output 
Rise Time 
Fall Time (S1 Open) 


t{TLH) 
t(THL) 




4 


8 


ns 


Output Enable Time 
(S1 Closed) 


tpZH 
tpZL 


— 


16 
15 


— 


ns 


Output Disable Time 
(S1 Closed) 


tPHZ 
tPLZ 


— 


6 
9 


— 


ns 



Skew: difference in propagation delays between complementary outputs. 

AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 
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Figure 1. AC Test Circuit 
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Figure 3. Enable and Disable Times 



Figure 2. Propagation Delays and Skew Waveforms 
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TYPICAL APPLICATIONS 
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Figure 5. Two-Wire Balanced Systems (EIA-422-A) 



MC26C31 
2-28 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

Quad EIA-422-A Line Receiver 

CMOS 

The MC26C32 is a quad differential line receiver designed for digital data 
transmission over balanced lines. The MC26C32 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC26C32 has an input sensitivity of 200 mV over the common mode input 
voltage range of ± 7 V. In addition, each receiver chain has Internal hysteresis 
circuitry to improve noise margin and discourage output instability for slowly 
changing input waveforms. 

The MC26C32 is pin compatible with the AM26LS32. 

All pins are protected against damage due to electrostatic discharges. 

• Typical Power Supply Current: 6 mA 

• 2000-V ESD Protection on the Inputs and Outputs 

• Typical Propagation Delay: 1 8 ns 

• Typical Input Hysteresis: 75 mV 

• Meets the Requirements of Standard EIA-422-A 

• Operation from single 5-V Supply 

• High-Impedance Mode for Outputs Connected to System Buses 

• TTL-/CMOS Compatible Outputs 





P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



D SUFFIX 

SOG PACKAGE 
CASE 751 B 



ORDERING INFORMATION 

MC26C32P Plastic DIP 
MC26C32D SOG Package 
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This document contains information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 



REV. 3 
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TRUTH TABLE 



Control Inputs E/E 


Input 


Output 


L/H 


X 


Z 


All other combinations of 
enable inputs 


VlD^VTH(max) 


1 


V,D^VTH(min) 





Open 


1 



X = Don't Care 

Z = High Impedance 



H = High Logic State 
L = Low Logic State 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


7 


V 


Input Voltage 


V| 


±12 


V 


Input Differential Voltage 


V|D 


±14 


V 


Enable Control Input Voltage 


Vin 


Vcc + 0-5 


V 


Storage Temperature 


Tstg 


-65 to + 150 


"C 


Maximum Current per Output 


lo 


±25 


mA 


ESD (Human Body model) 




2000 


V 



OPERATING CONDITIONS 



Rating 


Symbol 


Min 


Max 


Unit 


Power Supply Voltage 


Vcc 


4.5 


5.5 


V 


Operating Temperature Range 


Ta 


-40 


+ 85 


°c 


Input Rise and Fall Time 


tptf 


- 


500 


ns 


DC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless othenwise stated) (See Note 1 ) 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power Supply Current, Vcc ^ Max 


Ice 


- 


6 


12 


mA 


Enable Input Current, Vjn = Vcc or GND 


L| 


- 


- 


±1.0 


^lA 


Input Voltage — Low Logic State (Enable Control) 


V|L 


— 


- 


0.8 


V 


Input Voltage — High Logic State (Enable Control) 


V|H 


2 


- 


- 


V 


Differential Input Voltage, - 7 V < Vlcm < 7 V Vout = Vqh 

Vout = VoL 


Vth 


0.2 


— 


-0.2 


V 


Input Hysteresis, Vlcm = V 


Vhys 


- 


75 


- 


mV 


Comparator Input Current Vjn = + 1 V, Other Input = GND 

V|n = -10 V, Other Input = GND 


lin 


— 


1.4 
-2.5 


— 


mA 


Comparator Input Resistance, - 12 V < V|_cm < + 12 V 


Rin 


4 


4.8 


- 


kQ 


Output Voltage (Low Logic State) V|d = - 1 V, lout = 6 mA (Note 2) 


Vol 


- 


0.13 


0.33 


V 


Output Voltage (High Logic State) V|d = + 1 V, lout = - 6 mA (Note 2) 


VOH 


3.8 


4.8 


- 


V 


Output Leakage Current (High Logic State) Vout = Vcc o»' GND 


lOZ 


-5 


- 


5 


HA 



NOTES: 

1 . All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 

2. See El A specifications El A-422-A for exact test conditions. 
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AC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless otherwise stated) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Input to Output, Cl = 50 pF, Vqiff = 2.5 V 


tpLH 
tPHL 


— 


18 


30 


ns 


Skew= kpHL-tpLHi 


Skew 


- 


1 


- 


ns 


Propagation Delay Enable to Output 
Cl = 50 pF, Rl = 1000 Q, VdifF = 2.5 V 


tpLZ 
tPHZ 


— 


12 


— 


ns 


Propagation Delay Enable to Output 

Cl = 50 pF, Rl = 1000 a vqiff = 2.5 v 


tpZL 
tpZH 


— 


14 


— 


ns 



AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 
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Figure 7. Propagation Delays 
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Figure 8. Enable and Disable Times 



TYPICAL APPLICATIONS 
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Figure 9. Two-Wire Balanced Systems (EIA-422-A) 
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LOW POWER FM TRANSMITTER SYSTEM 

The MC2831A is a one-chip FM transmitter subsystem designed 
for cordless telephone and FM communication equipment. It 
includes a Microphone Amplifier, Pilot Tone Oscillator, Voltage 
Controlled Oscillator and Battery Monitor. 

• Wide Range of Operating Supply Voltage (3.0 Vr-8.0 V) 

• Low Drain Current (4.0 mA Typ Full Operation at Vcc = 4.0 V) 

• Battery Checker (290 /aA Typ at Vqc = 4.0 V) 

• Low Number of External Parts Required 



FIGURE 1 ~ FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta = 25°C, unless othenwise noted) 



IVIC2831A 



LOW POWER 
FM TRANSMITTER SYSTEM 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



0ftl 


P SUFFIX 


PLASTIC PACKAGE 
CASE 648 


-^' 


1 
D SUFFIX 

PLASTIC PACKAGE 

CASE 751 B 

SO-16 


PIN ASSIGNMENTS 


Variable 






Reactance [f 

Output 
Decoupling {2_ 


^-^ 


^RF 


Modulator r^ 
Input ^ 




^ Output 


VCC2E 




ilGnd 


Mic Amp ,— 
Input i^ 




iUvcci 


Mic Amp fg 
Output ^ 

Tonery 
Switch ^ 

Tone [J 
Output 




ff] Battery 
—"Checker 
To] LED 

^Osc 
-■coil 







Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4,12 


Vcc 


10 


Vdc 


Operating Supply Voltage Range 


4,12 


Vcc 


3.0 to 8.0 


Vdc 


Battery Checker Output Sink Current 


10 


•led 


25 


mA 


Junction Temperature 


— 


Tj 


+ 150 


X 


Operating Ambient Temperature Range 


— 


Ta 


-30 to +75 


X 


Storage Temperature Range 


- 


Tstg 


-65 to +150 


°C 



MC2831A 
2-32 



MOTOROLA COMMUNICATIONS DEVICE DATA 



ELECTRICAL CHARACTERISTICS (Vcci = 4.0 Vdc, Vcc2 = 4.0 Vdc, Ta = 25°C, unless otherwise noted) 



Characteristic 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Drain Current 


'CCI 


12 


150 


290 


420 


AiA 


Drain Current 


ICC2 


4 


2.2 


3.6 


6.5 


mA 


BATTERY CHECKER 


Threshold Voltage (LED Off-> On) 


Vtb 


11 


1.0 


1.2 


1.4 


Vdc 


Output Saturation Voltage 
(Pin 11 = V, Pin 10 Sink Current = 5.0 mA) 


VOSAT 


10 


— 


0.15 


0.5 


Vdc 


MIC AMPLIFIER 


Voltage Gain, Closed Loop 
(V|n = 1.0mVrms.f|n = 1.0 kHz) 


— 


5,6 


27 


30 


33 


dB 


Output do Voltage 


— 


6 


1.1 


1.4 


1.7 


Vdc 


Output Swing (Vjn = 30 mVrms' ^in = 1-0 kHz) 


— 


6 


0.8 


1.2 


1.6 


Vp-p 


Total Harmonic Distortion 
(Vo = 31 mVrms'fin = 1.0 kHz) 


THD 


6 


— 


0.7 


— 


% 


PILOT TONE OSCILLATOR (250 ft LOADING) 


Output AF Voltage (fo = 5.0 kHz) 


— 


8 


— 


50 


— 


"iVrms 


Output dc Voltage 


— 


8 


— 


1.4 


— 


Vdc 


Total Harmonic Distortion 
(fo = 5.0kHz,VAF = 150mVrms) 


— 


8 


— 


1.8 


5.0 


% 


Tone Switch Threshold 


— 


7 


1.1 


1.4 


1.7 


Vdc 


FM MODULATOR (120 ft LOADING) 


Output RF Voltage (fo = 16.6 MHz) 


VRFO 


14 


— 


40 


— 


mVrms 


Output dc Voltage 


— 


14 


— 


1.3 


— 


Vdc 


Modulation Sensitivity (Note 1) 
(Vjn = 1.0 V ± 0.2 V) 


— 


3,14 


6.0 


10 


18 


Hz/mVdc 


Maximum Deviation (Note 1) 
(Vjn = OVto +2.0 V) 


— 


3,14 


±2.5 


±5.0 


±12.5 


kHz 


RF Frequency Range 


- 


14 


— 


— 


60 


MHz 



Note 1. Modulation sensitivity and maximum deviation are measured at 49.815 MHz, which is the third harmonic of the crystal frequency. 
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FIGURE 2 — TEST CIRCUIT 
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FIGURE 3 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz 
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Vcc = 3.0 V to 8.0 V 



NOTES: 

SI is a normally closed push button type switch. 

The crystal used is fundamental mode, calibrated for parallel resonance 
with a 32 pF load. The 49.7 MHz output is generated in the output buffer, 
which generates useful harmonics to 60 IVIHz. 

The network on the output at Pin 14 provides output tuning and imped- 
ance matching to 50 H at 49.7 MHz. Harmonics are suppressed by more 
than 25 dS. 



Battery checker circuit (Pins 10, 11) is not used in this application. 

All capacitors in microfarads, inductors in Henries and resistors in 
Ohms, unless otherwise specified. 
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LOW POWER FM TRANSMITTER SYSTEM 

MC2833 is a one-chip FM transmitter subsystem designed for 
cordless telephone and FM communication equipment. It includes 
a microphone amplifier, voltage controlled oscillator and two aux- 
iliary transistors. 

• Wide Range of Operating Supply Voltage (2.8-9.0 V) 

• Low Drain Current (Ice = 2.9 mA Typ) 

• Low Number of External Parts Required 

• -30 dBm Power Output to 60 MHz Using Direct RF Output 

• +10 dBm Power Output Attainable Using Cn-Chip Transistor 
Amplifiers 
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PIN ASSIGNMENTS 


Variable 

Reactance p" 

Output 
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\^ 


Tell 
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MAXIMUM RATINGS 



Ratings 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


10 (max) 


V 


Operating Supply Voltage Range 


vcc 


2.8-9.0 


V 


Junction Temperature 


Tj 


+ 150 


°c 


Operating Ambient Temperature 


ta 


-30 to +75 


X 


Storage Temperature Range 


Tstq 


-65 to +150 


X 



electrical characteristics (Vcc = 4.0 V, Ta = 25°C, unless otherwise noted) 










Characteristics 


Symbol 


Pin 


Min 


Typ 


Max 


Unit 


Drain Current (No input signal) 


Ice 


10 


1.7 


2.9 


4.3 


mA 


FM modulator 


Output RF Voltage (fo = 16.6 MHz) 


Vout RF 


14 


60 


90 


130 


mVrms 


Output DC Voltage (No input signal) 


Vdc 


14 


2.2 


2.5 


2.8 


V 


Modulation Sensitivity (fo = 16.6 MHz) 

(V|n = 0.8 V to 1.2 V) 


SEN 


3.0 
14 


7.0 


10 


15 


Hz/mVdc 


Maximum Deviation (fo = 16.6 MHz) 

(Vjn = OV to 2.0 V) 


Fdev 


3.0 
14 


3.0 


5.0 


10 


kHz 


MIC amplifier 


Closed Loop Voltage Gain (Vjn = 3.0 mVrms) 
(fin = 1.0kHz) 


Av 


4.0 
5.0 


27 


30 


33 


dB 


Output DC Voltage (No input signal) 


Voutdc 


4.0 


1.1 


1.4 


1.7 


V 


Output Swing Voltage (Vjn = 30 mVrms) 
(fjn = 1.0 kHz) 


Vout P-P 


4.0 


0.8 


1.2 


1.6 


Vp-p 


Total Harmonic Distortion (Vjp = 3.0 mVrms) 
(fjn = 1.0 kHz) 


THD 


4.0 


— 


0.15 


2.0 


% 


AUXILIARY TRANSISTOR STATIC CHARACTERISTICS 


Characteristics 


Symbol 


Min 


Typ 


Max 


Unit 


Collector Base Breakdown Voltage (Ic = 5.0 ixA) 


V(BR)CBO 


15 


45 


— 


V 


Collector Emitter Breakdown Voltage dc = 200 /lA) 


V(BR)CEO 


10 


15 


— 


V 


Collector Substrate Breakdown Voltage dc = 50 /LtA) 


V(BR)CSO 


— 


70 


— 


V 


Emitter Base Breakdown Voltage (Ie = 50 /iA) 


V(BR)EBO 


— 


6.2 


— 


V 


Collector Base Cut Off Current (Vcb = 10 V) 
(Ie = 0) 


ICBO 


— 


— 


200 


nA 


DC Current Gain (Ic = 3.0 mA) 
(VcE = 3.0 V) 


hpE 


40 


150 


— 


— 


AUXILIARY TRANSISTOR DYNAMIC CHARACTERISTICS 


Current Gain Bandwidth Product (Vce = 3.0 V) 
dc = 3.0 mA) 


h 


— 


500 


— 


MHz 


Collector Base Capacitance (Vce = 3.0 V) 
dc = 0) 


CCB 


— 


2.0 


— 


PF 


Collector Substrate Capacitance (Vcs = 3.0 V) 
dc = 0) 


Ccs 


— 


3.3 


— 


PF 
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FIGURE 1 — TEST CIRCUIT 
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FIGURE 2 — SINGLE CHIP FM VHF TRANSMITTER AT 49.7 MHz 

16.5667 MHz 

-^^fX^ — lOh 

3.3 fi 




1000 pF 



Vcc = 3.0 V to 8.0 V 



NOTES: The crystal used is fundamental mode, calibrated for parallel The RF output is + 10 dBm (10 mW into 50 ft load) at 49.7 

resonance with a 32 pF load. The 49.7 MHz output is MHz, with all harmonics reduced by more than 50 dB. 

generated in the output buffer, which is being used as a All capacitors in microfarads, inductors in Henries and 

frequency tripler in this application. resistors in Ohms unless otherwise specified. 

The networks in the output stages provide frequency 0.22 fiH inductors are Toko B199SN-T1048Z 

selectivity and impedance matching at 49.7 MHz. 3.3 fiH inductor is Toko B199KN-T1055Z 
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WIDEBAND FSK RECEIVER 

. . . Includes Oscillator, Mixer, Limiting IF Amplifier, Quadrature 
Detector, Audio Buffer, Squelch, Meter Drive, Squelch Status out- 
put, and Data Shaper comparator. The MC3356 Is designed for 
use In digital data communications equipment. 

• Data Rates up to 500 kilobaud 

• Excellent Sensitivity: -3 dB Limiting Sensitivity 

30 M-Vrms @ 100 MHz 

• Highly versatile, full-function device, yet few external parts are 
required 



FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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FIGURE 2 — PIN CONNECTIONS 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


VcC(max) 


15 


Vdc 


Operating Power Supply Voltage Range (Pins 6, 10) 


Vcc 


3.0 to 9.0 


Vdc 


Operating R.F. Supply Voltage Range (Pin 4) 


R.F. Vcc 


3.0 to 12.0 


Vdc 


Junction Temperature 


Tj 


150 


°C 


Operating Ambient Temperature Range 


Ta 


-40 to +75 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°C 


Power Dissipation, Package Rating 


Pd 


1.25 


W 


ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 100 MHz, fosc = 110.7 MHz, Af = ±75 kHz, fmod = 1-0 kHz, 50 a 

source, Ta = 25°C, test circuit of Figure 3, unless otherwise noted.) 


Characteristics 


Min 


Typ 


Max 


Unit 


Drain Current Total, RF Vcc a"d Vcc 


— 


20 


25 


mAdc 


Input for -3 dB limiting 


— 


30 


— 


IxVrms 


Input for 50 dB quieting f — j^j — j 


— 


60 


— 


^JLVrms 


Mixer Voltage Gain, Pin 20 to Pin 5 


— 


2.0 


3.0 




Mixer Input Resistance, 100 MHz 


— 


260 


— 


n 


Mixer Input Capacitance, 100 MHz 


— 


5.0 


— 


PF 


Mixer/Oscillator Frequency Range (Note 1) 


— 


— 


200 


MHz 


IF/Quadrature Detector Frequency Range (Note 1) 


0.2 


— 


50 


MHz 


AM Rejection (30% AM, RF Vjn = 1.0 mVrms) 


— 


50 


— 


dB 


Demodulator Output, Pin 13 


— 


0.5 


— 


Vrms 


Meter Drive 


— 


7.0 


— 


fxA/dB 


Squelch Threshold 


— 


0.8 


— 


Vdc 



Note 1 : Not taken in Test Circuit of Figure 3; new component values required. 



FIGURE 3 — TEST CIRCUIT 
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FIGURE 4 — OUTPUT COMPONENTS OF SIGNAL, NOISE, 
AND DISTORTION 



FIGURE 5 — METER CURRENT versus SIGNAL INPUT 
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General Description 

This device is intended for single and double con- 
version VHP receiver systems, primarily for FSK data 
transmission up to 500 K baud (250 kHz). It contains an 
oscillator, mixer, limiting IF, quadrature detector, signal 
strength meter drive, and data shaping amplifier. 

The oscillator is a common base Colpitts type which 
can be crystal controlled, as shown in Figure 1, or L-C 
controlled as shown in the other figures. At higher Vcc^ 
it has been operated as high as 400 MHz. A mixer/ 
oscillator voltage gain of 2 up to approximately 200 
MHz, is readily achievable. 

The mixer functions well from an input signal of 10 
p,Vrms, below which the squelch is unpredictable, up 
to about 10 mVrms, before any evidence of overload. 
Operation up to 1.0 Vrms input is permitted, but non- 
, linearity of the meter output is incurred, and some os- 
cillator pulling is suspected. The AM rejection above 10 
mVrms is degraded. 

The limiting IF is a high frequency type, capable of 
being operated up to 50 MHz. It is expected to be used 
at 10.7 MHz in most cases, due to the availability of 
standard ceramic resonators. The quadrature detector 
is internally coupled to the IF, and a 5.0 pF quadrature 
capacitor is internally provided. The -3dB limiting sen- 
sitivity of the IF itself is approximately 50 jxV (at Pin 7), 
and the IF can accept signals up to 1.0 Vrms without 
distortion or change of detector quiescent dc level. 

The IF is unusual in that each of the last 5 stages of 
the 6 state limiter contains a signal strength sensitive, 
current sinking device. These are parallel connected and 
buffered to produce a signal strength meter drive which 
is fairly linear for IF input signals of 1 jxV to 1 00 mVrms. 
(See Figure 5.) 

A simple squelch arrangement is provided whereby 
the meter current flowing through the meter load re- 
sistance flips a comparator at about 0.8 Vdc above 
ground. The signal strength at which this occurs can be 



adjusted by changing the meter load resistor. The com- 
parator! + ) input and output are available to permit con- 
trol of hysteresis. Good positive action can be obtained 
for IF input signals of above 30 jxVrms. The 130 kfl 
resistor shown in the test circuit provides a small 
amount of hysteresis. Its connection between the 3.3 k 
resistor to ground and the 3.0 k pot, permits adjustment 
of squelch level without changing the amount of 
hysteresis. 

The squelch is internally connected to both the quad- 
rature detector and the data shaper. The quadrature 
detector output, when squelched, goes to a dc level 
approximately equal to the zero signal level, un- 
squelched. The squelch causes the data shaper to pro- 
duce a high (Vcc) output. 

The data shaper is a complete "floating" comparator, 
with back to back diodes across its inputs. The output 
of the quadrature detector can be fed directly to either 
input of this amplifier to produce an output that is either 
at Vcc o"" ^EE' depending upon the received frequency. 
The impedance of the biasing can be varied to produce 
an amplifier which "follows" frequency detuning to 
some degree, to prevent data pulse width changes. 

When the data shaper is driven directly from the de- 
modulator output. Pin 13, there may be distortion at Pin 
13 due to the diodes, but this is not important in the 
data application. A useful note in relating high/low input 
frequency to logic state: low IF frequency corresponds 
to low demodulator output. If the oscillator is above the 
incoming RF frequency, then high RF frequency will 
produce a logic low. (Input to ( + )input of Data Shaper 
as shown in figures 1 and 3.) 
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FIGURE 6 — APPLICATION WITH FIXED BIAS ON DATA SHAPER 
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Application Notes 

The MC3356 is a high frequency/high gain receiver 
that requires following certain layout techniques in de- 
signing a stable circuit configuration. The objective is 
to minimize or eliminate, if possible, any unwanted 
feedback. 

Shielding, which includes the placement of input and 
output components, is important in minimizing electro- 
static or electromagnetic coupling. The MC3356 has its 
pin connections such that the circuit designer can place 
the critical input and output circuits on opposite ends 
of the chip. Shielding is normally required for inductors 
in tuned circuits. 

The MC3356 has separate Vqc's and grounds for the 
RF and IF sections which allows good external circuit 
isolation by minimizing common ground paths. 

Note that the circuits of figures 1 and 3 have RF, os- 
cillator, and IF circuits predominantly referenced to the 
plus supply rails. Figure 6, on the other hand, shows a 
suitable means of ground referencing. The two methods 
produce identical results when carefully executed. It is 
important to treat Pin 19 as a ground node for either 
approach. The RF input should be "grounded" to 



Pin 1 and then the input and the mixer/oscillator 
grounds (or RF Vqq bypasses) should be connected by 
a low inductance path to Pin 1 9. IF and detector sections 
should also have their bypasses returned by a separate 
path to Pin 19. Vcc ^"^ ^^ ^CC ^^^ ^® decoupled to 
minimize feedback, although the configuration of Figure 
3 shows a successful implementation on a common 5.0 
supply. Once again, the message is: define a supply 
node and a ground node and return each section to 
those nodes by separate, low impedance paths. 

The test circuit of Figure 3 has a 3 db limiting level 
of 30 |xV which can be lowered 6 db by a 1 :2 untuned 
transformer at the input as shown in figures 6 and 7. 
For applications that require additional sensitivity, an 
RF amplifier can be added, but with no greater than 20 
db gain. This will give a 2.0 to 2.5 jjlV sensitivity and any 
additional gain will reduce receiver dynamic range with- 
out improving its sensitivity. Although the test circuit 
operates at +5.0 V, the mixer/oscillator optimum per- 
formance is at +8.0 V to 12 V. A minimum of +8.0 V 
is recommended in high frequency applications (above 
150 MHz), or in PLL applications where the oscillator 
drives a prescaler. 
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FIGURE 7 — APPLICATION WITH SELF-ADJUSTING BIAS ON DATA SHAPER 
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APPLICATION NOTES, continued 

Depending on the external circuit, inverted or non- 
inverted data is available at Pin 18. Inverted data makes 
the higher frequency in the FSK signal a 'one' when the 
local oscillator is above the incoming RF. Figure 6 sche- 
matic shows the comparator with hysteresis. In this cir- 
cuit the dc reference voltage at Pin 17 is about the same 
as the demodulated output voltage (Pin 13) when no 
signal is present. This type circuit is preferred for sys- 
tems where the data rates can drop to zero. Some sys- 
tems have a low frequency limit on the data rate, such 
as systems using the MC3850 ACIA that has a start or 
stop bit. This defines the low frequency limit that can 
appear in the data stream. Figure 6 circuit can then be 



changed to a circuit configuration as shown in Figure 
7. In Figure 7 the reference voltage for the comparator 
is derived from the demodulator output through a low 
pass circuit where t is much lower than the lowest fre- 
quency data rate. This and similar circuits will compen- 
sate for small tuning changes (or drift) in the quadrature 
detector. 

Squelch status (Pin 15) goes high (squelch off) when 
the input signal becomes greater than some preset level 
set by the resistance between Pin 14 and ground. Hys- 
teresis is added to the circuit externally by the resistance 
from Pin 14 to Pin 15. 
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FIGURE 8 — INTERNAL SCHEMATIC 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



LOW POWER NARROW BAND FM IF 



. . . includes Oscillator, Mixer, Limiting Amplifier, Quadrature 
Discriminator, Active Filter, Squelch, Scan Control, and Mute 
Switch. The MC3357 is designed for use in FM dual conversion 
communications equipment. 



Low Drain Current (3.0 mA (Typ) @ Vqq = 6.0 Vdc) 



• Excellent Sensitivity: Input Limiting Voltage 
(-3.0dB) = 5.0;uV (Typ) 



• Low Number of External Parts Required 






FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta = 25°C. unless otherwise noted) 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4 


Vcc^'^ax) 


12 


Vdc 


Operating Supply Voltage Range 


4 


Vcc 


4 to 8 


Vdc 


Detector Input Voltage 


8 


- 


1.0 


Vp-p 


Input Voltage (Vqc > 6.0 Volts) 


16 


Vl6 


1.0 


Vrms 


Mute Function 


14 


Vl4 


-0.5 to 5.0 


Vpk 


Junction Temperature 


- 


TJ 


150 


°C 


Operating Ambient Temperature Range 


- 


Ta 


-30 to +70 


°C 


Storage Temperature Range 


- 


Tstg 


-65 to +150 


OC 



ELECTRICAL CHARACTERISTICS (Vqc =6.0 Vdc, fo = 10.7 MHz. Af = ± 3.0 kHz, fmod = 1 kHz, Ta = 25°C unless otherwise noted.) 



Characteristic 


Pin 


Min 


Typ 


Max 


Unit 


Drain Current 
Squelch Off 
Squelch On 


4 


- 


2.0 
3.0 


5.0 


mA 


Input Limiting Voltage 
(-3dB Limiting) 


16 


- 


5.0 


10 


mV 


Detector Output Voltage 


9 


- 


3.0 


- 


Vdc 


Detector Output Impedance 


- 


- 


400 


- 


n 


Recovered Audio Output Voltage 
(Vjn= 10 mV) 


9 


200 


350 


- 


mVrms 


Filter Gain (10 kHz) 
(Vjn = 5 mV) 


- 


40 


46 


- 


dB 


Filter Output Voltage 


11 


1.8 


2.0 


2.5 


Vdc 


Trigger Hysteresis 


- 


- 


100 


- 


mV 


Mute Function Low 


14 


- 


15 


50 


il 


Mute Function High 


14 


1.0 


10 


- 


Mn 


Scan Function Low (Mute Off) 
(Vi2 = 2Vdc) 


13 


- 





0.5 


Vdc 


Scan Function High (Mute On) 
(Vi2 = Gnd) 


13 


5.0 


- 


- 


Vdc 


Mixer Conversion Gain 


3 


- 


20 


- 


dB 


Mixer Input Resistance 


16 


- 


3.3 


- 


kn 


Mixer Input Capacitance 


16 


- 


2.2 


- 


PF 
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FIGURE 2 - TEST CIRCUIT 
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CIRCUIT DESCRIPTION 

The MC3357 is a low power FM IF circuit designed 
primarily for use in voice communication scanning 
receivers. 

The mixer-oscillator combination converts the Input 
frequency (e.g., 10.7 MHz) down to 455 kHz/ where, after 
external bandpass filtering, most of the amplification 
is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal 
is indicated by the presence of noise above the desired 
audio frequencies. This "noise band" is monitored by 
an active filter and a detector. A squelch trigger circuit 
indicates the presence of noise (or a tone) by an output 
which can be used to control scanning. At the same 
time, an internal switch is operated which can be used 
to mute the audio. 

The oscillator is an internally-biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 
1, and 2 respectively. A crystal can be used in place of 
the usual coil. 

The mixer is doubly-balanced to reduce spurious re- 
sponses. The input impedance at Pin 16 is set by a 3.0 
kn internal biasing resistor and has low capacitance, 
allowing the circuit to be preceded by a crystal filter. 
The collector output at Pin 3 must be dc connected to 
B + , below which it can swing 0.5 V. 

After suitable bandpass filtering (ceramic or LC) the 
signal goes to the input of a five-stage limiter at Pin 5. 
The output of the limiter at Pin 7 drives a multiplier. 



both internally directly, and externally through a quad- 
rature coil, to detect the FM. The output at Pin 7 is also 
used to supply dc feedback to Pin 5. The other side of 
the first limiter stage is decoupled at Pin 6. 

The recovered audio is partially filtered, then buffered 
giving an impedance of around 400 Xl at Pin 9. The 
signal sti^l requires de-emphasis, volume control and 
further amplification before driving a loudspeaker. 

A simple inverting op amp is provided with an output 
at Pin 11 providing dc bias (externally) to the input at 
Pin 10 which is referred internally to 2.0 V. A filter can 
be made with external impedance elements to discrim- 
inate between frequencies. With an external AM detec- 
tor the filtered audio signal can be checked for the pres- 
ence of noise above the normal audio band, or a tone 
signal. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that Pin 13 is low at an impedance 
level of around 60 kft, and the audio mute (Pin 14) is 
open circuit. If Pin 12 is pulled down to 0.7 V by the 
noise or tone detector, Pin 13 will rise to approximately 
0.5 Vdc below supply where it can support a load current 
of around 500 /iA and Pin 14 is internally short-circuited 
to ground. There is 100 mV of hysteresis at Pin 12 to 
prevent jitter. Audio muting is accomplished by con- 
necting Pin 14 to a high-impedance ground-reference 
point in the audio path between Pin 9 and the audio 
amplifier. 



THERMAL INFORMATION 



The maximum power consumption an integrated circuit 
can tolerate at a given operating ambient temperature, can 
be found from the equation: 

o _ Tj(max) -Ta 

^<^A) = R0jA(Typ) 

Where: Pd(Ta) ^ Power Dissipation allowable at a given 
operating ambient temperature. This must be greater than 



the sum of the products of the supply voltages and supply 
currents at the worst case operating condition. 

Tj(max) ~ Maximum Operating Junction Temperature 

as listed in the Maximum Ratings Section 
Ta = Maximum Desired Operating Ambient 

Temperature 
R0jA(Typ) = Typical Thermal Resistance Junction to 
Ambient 
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FIGURE 3 - CIRCUIT SCHEMATIC 
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MC3359 



LOW POWER NARROWBAND FM IF 



. . . includes oscillator, mixer, limiting amplifier, AFC, quadrature 
discriminator, op/amp, squelch, scan control, and mute switch. 
The MC3359 is designed to detect narrowband FM signals using 
a 455 kHz ceramic filter for use in FM dual conversion commu- 
nications equipment. The MC3359 is similar to the MC3357 except 
that the MC3359 has an additional limiting IF stage, an AFC output, 
and an opposite polarity Broadcast Detector. The MC3359 also 
requires fewer external parts. 

• Low Drain Current: 3.6 mA (Typ) @ Vqc = 6.0 Vdc 

• Excellent Sensitivity: Input Limiting Voltage — 

-3.0 dB = 2.0 /LtV (Typ) 

• Low Number of External Parts Required 



FIGURE 1 — TYPICAL APPLICATION IN A SCANNER RECEIVER 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4 


Vcc(niax) 


12 


Vdc 


Operating Supply Voltage Range 


4 


vcc 


4 to 9 


Vdc 


Input Voltage (Vqc^ 6.0 Volts) 


18 


Vl8 


1.0 


Vrms 


Mute Function 


16 


Vl6 


-0.7 to 12 


Vpk 


Junction Temperature 


— 


Tj 


150 


X 


Operating Ambient Temperature Range 


— 


Ta 


-30 to +70 


X 


Storage Temperature Range 


— 


Tstq 


-65 to +150 


°c 



ELECTRICAL CHARACTERISTICS (Vqc = 6.0 Vdc, fo = 10.7 MHz, Af 

T/\ = 25°C test circuit of Figure 3, unle 



:3.0 kHz, fmod = 1-0 kHz, 50 O source, 
s otherwise noted) 



Characteristics 


Min 


Typ 


Max 


Units 


Drain Current (Pins 4 and 8) Squelch Off 

Squelch On 


— 


3.6 
5.4 


6.0 
7.0 


mA 


Input for 20 dB Quieting 


— 


8.0 


— 


/xVrms 


Input for -3.0 dB Limiting 


— 


2.0 


— 


/LiVrms 


Mixer Voltage Gain (Pin 18 to Pin 3, Open) 


— 


46 


— 




Mixer Third Order Intercept, 50 ft Input 


— 


-1.0 


— 


dBm 


Mixer Input Resistance 


— 


3.6 


— 


kfl 


Mixer Input Capacitance 


— 


2.2 


— 


pF 


Recovered Audio, Pin 10 
(Input Signal 1.0 mVrms) 


450 


700 


— 


mVrms 


Detector Center Frequency Slope, Pin 10 


— 


0.3 


— 


V/kHz 


AFC Center Slope, Pin 11, Unloaded 


— 


12 


— 


V/kHz 


Filter Gain (test circuit of Figure 3) 


40 


51 


— 


dB 


Squelch Threshold, Through 10K to Pin 14 
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FIGURE 4 — MIXER VOLTAGE GAIN 



FIGURE 5 — LIMITING I.F. FREQUENCY RESPONSE 
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FIGURE 6 — MIXER THIRD ORDER 
INTERMODULATION PERFORMANCE 



FIGURE 7 — DETECTOR AND AFC RESPONSES 
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FIGURE 8 — RELATIVE MIXER GAIN 
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FIGURE 10 — OUTPUT COMPONENTS OF 
SIGNAL, NOISE, AND DISTORTION 



FIGURE 11 — AUDIO OUTPUT AND TOTAL 
CURRENT DRAIN versus SUPPLY VOLTAGE 
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FIGURE 13 — OP AMP GAIN AND PHASE RESPONSE 
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FIGURE 15 — THE OP AMP AS A BANDPASS FILTER 
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FIGURE 16 — CIRCUIT SCHEMATIC 



CIRCUIT DESCRIPTION 

The MC3359 is a low-power FM IF circuit designed primarily 
for use in voice-communication scanning receivers. It is also 
finding a place in narrowband data links. 

In the typical application (Figure 1),the mixer-oscillator com- 
bination converts the input frequency (10.7 MHz) down to 455 
kHz, where, after external bandpass filtering, most of the am- 
plification is done. The audio is recovered using a conventional 
quadrature FM detector. The absence of an input signal is in- 
dicated by the presence of noise above the desired audio fre- 
quencies. This "noise band" is monitored by an active filter 
and a detector. A squelch-trigger circuit indicates the presence 
of noise (or a tone) by an output which can be used to control 
scanning. At the same time, an internal switch is operated 
which can be used to mute the audio. 

APPLICATION 

The oscillator is an internally biased Colpitts type with the 
collector, base, and emitter connections at Pin 4, 1, and 2, re- 
spectively. The crystal is used in fundamental mode, calibrated 
for parallel resonance at 32 pF load capacitance. In theory this 
means that the two capacitors in series should be 32 pF, but 
in fact much larger values do not significantly affect the os- 
cillator frequency, and provide higher oscillator output. 

The oscillator can also be used in the conventional L/C Col- 
pitts configuration without loss of mixer conversion gain. This 
oscillator is, of course, much more sensitive to voltage and 
temperature as shown in Figure 12. Guidelines for choosing L 
and C values are given in Figure 14. 

The mixer is doubly balanced to reduce spurious responses. 
The mixer measurements of Figure 4 and 6 were made using 
an external 50 CL source and the internal 1.8 k at Pin 3. Voltage 
gain curves at several Vcc voltages are shown in Figure 4. The 
Third Order Intercept curves of Figure 6 are shown using the 
conventional dBm scales. Measured power gain (with the 50 
ft input) is approximately 18 dB but the useful gain is much 
higher because the mixer input impedance is over 3 kft. Most 
applications will use a 330 ft 10.7 MHz crystal filter ahead of 
the mixer. For higher frequencies, the relative mixer gain is 
given in Figure 8. 

Following the mixer, a ceramic bandpass filter is recom- 
mended. The 455 kHz types come in bandwidths from ±2 kHz 
to ± 15 kHz and have input and output impedances of 1.5 k to 
2.0 k. For this reason, the Pin 5 input to the 6 stage limiting IF 



has an internal 1.8 k resistor. The IF has a 3 dB limiting sen- 
sitivity of approximately 100 /tV at Pin 5 and a useful frequency 
range of about 5 MHz as shown in Figure 5. The frequency 
limitation is due to the high resistance values in the IF, which 
were necessary to meet the low power requirement. The out- 
put of the limiter is internally connected to the quadrature de- 
tector, including the 10 pF quadrature capacitor. Only a parallel 
L/C is needed externally from Pin 8 to Vqc- A shunt resistance 
can be added to widen the peak separation of the quadrature 
detector. 

The detector output is amplified and buffered to the audio 
output. Pin 10, which has an output impedance of approxi- 
matley 300 ft. Pin 9 provides a high impedance (50 k) point in 
the output amplifier for application of a filter or de-emphasis 
capacitor. Pin 11 is the AFC output, with high gain and high 
output Impedance (1 M). If not needed, it should be grounded, 
or it can be connected to Pin 9 to double the recovered audio. 
The detector and AFC responses are shown In Figure 7. 

Overall performance of the MC3359 from mixer input to au- 
dio output is shown in Figure 9 and 10. The MC3359 can also 
be operated in "single conversion" equipment; i.e., the mixer 
can be used as a 455 kHz amplifier. The oscillator is disabled 
by connecting Pin 1 to Pin 2. In this mode the overall perfor- 
mance is identical to the 10.7 MHz results of Figure 9. 

A simple inverting op amp is provided with an output at Pin 
13 providing dc bias (externally) to the input at Pin 12, which 
is referred internally to 2.0 V. A filter can be made with external 
impedance elements to discriminate between frequencies. 
With an external AM detector, the filtered audio signal can be 
checked for the presence of either noise above the normal 
audio, or a tone signal. 

The open loop response of this op amp is given in Figure 
13. Bandpass filter design information is provided in Figure 15. 

A low bias to Pin 14 sets up the squelch-trigger circuit such 
that Pin 15 is high, a source of at least 2.0 mA, and the audio 
mute (Pin 16) is open-circuit. If Pin 14 is raised to 0.7 V by the 
noise or tone detector. Pin 15 becomes open circuit and Pin 
1 6 is internally short circuited to ground. There is no hysteresis. 
Audio muting is accomplished by connecting Pin 16 to a high- 
impedance ground-reference point in the audio path between 
Pin 10 and the audio amplifier. No dc voltage is needed, in fact 
it is not desirable because audio "thump" would result during 
the muting function. Signal swing greater than 0.7 V below 
ground on Pin 16 should be avoided. 
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Advance Information 



LOW POWER NARROWBAND FM IF 

The MC3361B includes an Oscillator, Mixer, Limiting Amplifier, 
Quadrature Discriminator, Active Filter, Squelch, Scan Control, 
and Mute Switch. This device is designed for use in FM dual 
conversion communications equipment. 

• Operates From 2.0 V to 8.0 V Supply 

• Low Drain Current 3.9 mA Typ @ Vqq = 4.0 Vdc 

• Excellent Sensitivity: Input Limiting Voltage — 
-3.0 dB = 2.6 /iV Typ 

• Low Number of External Parts Required 

• Operating Frequency Up to 60 MHz 



FIGURE 1 — FUNCTIONAL BLOCK DIAGRAM 
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MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4 


Vcc(niax) 


10 


Vdc 


Operating Supply Voltage Range 


4 


Vcc 


2.0 to 8.0 


Vdc 


Detector Input Voltage 


8 


— 


1.0 


Vp-p 


Input Voltage (Vcc ^ 4.0 Volts) 


16 


Vl6 


1.0 


Vrms 


Mute Function 


14 


Vi4 


-0.5 to +5.0 


Vpk 


Junction Temperature 


— 


Tj 


150 


°c 


Operating Ambient Temperature Range 


— 


Ta 


-30 to +70 


°c 


Storage Temperature Range 


— 


Tstq 


-65 to +150 


°c 



ELECTRICAL CHARACTERISTICS (Vcc = 4.0 Vdc, fo = 10.7 MHz, Af = ±3.0 kHz, fmod 

unless otherwise noted.) 



1.0 kHz, Ta = 25°C, 



Characteristic 


Pin 


Min 


Typ 


Max 


Unit 


Drain Current (No Signal) 

Squelch Off 
Squelch On 


4 


2.9 
4.4 


3.9 
5.4 


4.9 
6.4 


mA 


Recovered Audio Output Voltage (Vjn = 10 mVpivis) 


9 


130 


160 


200 


mVRMS 


Input Limiting Voltage (-3.0 dB Limiting) 


16 


— 


2.6 


6.0 


/.V 


Total Harmonic Distortion 


9 


— 


0.86 


— 


% 


Recovered Output Voltage (No Input Signal) 


9 


60 


120 


250 


mVRMS 


Drop Voltage AF Gain Loss 


9 


-3.0 


-0.6 


— 


dB 


Detector Output Impedance 


— 


— 


450 


— 


n 


Filter Gain (10 kHz) (Vjn = 0.3 mVRMS) 


— 


40 


50 


— 


dB 


Filter Output Voltage 


11 


1.0 


1.3 


1.6 


Vdc 


Mute Function Low 


14 


— 


30 


50 


n 


Mute Function High 


14 


1.0 


11 


— 


MH 


Scan Function Low (Mute Off) (V12 = 1.0 Vdc) 


13 


— 





0.4 


Vdc 


Scan Function High (Mute On) (Vi2 = Gnd) 


13 


3.0 


3.5 


— 


Vdc 


Trigger Hysteresis 


— 


— 


45 


100 


mV 


Mixer Conversion Gain 


3 


— 


28 


— 


dB 


Mixer Input Resistance 


16 


— 


3.3 


— 


kd 


Mixer Input Capacitance 


16 


— 


2.2 


— 


PF 
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FIGURE 2 — TEST CIRCUIT 
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FIGURE 3 — AUDIO OUTPUT, DISTORTION 
versus SUPPLY VOLTAGE 



FIGURE 4 — AUDIO OUTPUT, DISTORTION 
versus TEMPERATURE 
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FIGURE 6 — INPUT LIMITING VOLTAGE 
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FIGURE 7 — OVERALL GAIN, NOISE, AND AM REJECTION 
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FIGURE 8 — FILTER AMP RESPONSE 



FIGURE 9 — FILTER AMP GAIN 
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FIGURE 10 — SUPPLY CURRENT 
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FIGURE 11 — TYPICAL APPLICATION 
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LOW POWER NARROWBAND FM RECEIVER 

. . . includes dual FM conversion with oscillators, mixers, quad- 
rature detector, and meter drive/carrier detect circuitry. The 
MC3362 also has buffered first and second local oscillator outputs 
and a comparator circuit for FSK detection. 

• Wide Input Bandwidth: 

— 200 MHz using Internal Local Oscillator 

— 450 MHz using External Local Oscillator 

• Complete Dual Conversion Circuitry 

• Low Voltage: Vqc = 2.0 to 7.0 Vdc 

• Low Drain Current (3.6 mA (Typ) @ Vqc = 3.0 Vdc) 

• Excellent Sensitivity: Input 0.7 ^tV (Typ) for 12 dB SINAD 
© Data Shaping Comparator 

• Received Signal Strength Indicator (RSSI) with 60 dB 
Dynamic Range 

• Low Number of External Parts Required 

• Manufactured in Motorola's MOSAIC Process Technology 



FIGURE 1 — TYPICAL APPLICATION IN A PLL FREQUENCY 
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FIGURE 2 — PIN CONNECTIONS AND 
FUNCTIONAL BLOCK DIAGRAM 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MAXIMUM RATINGS (Ta = 25°C, unless otherwise noted) 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


6 


VcC{max) 


8.0 


Vdc 


Operating Supply Voltage Range (Recommended) 


6 


vcc 


2.0 to 7.0 


Vdc 


Input Voltage (Vqc ^ 5.0 Vdc) 


1,24 


Vl-24 


1.0 


Vrms 


Junction Temperature 


— 


Tj 


150 


°C 


Operating Ambient Temperature Range 


— 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


— 


"•"stg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (Vcc = 5.0 Vdc, fo = 49.7 MHz, Deviation = 3.0 kHz, Ta = 25°C, Test Circuit of Figure 3 

unless otherwise noted) 


Characteristic 


Pin 


Min 


Typ 


Max 


Units 


Drain Current (Carrier Detect Low — See Figure 5) 


6 


— 


4.5 


7.0 


mA 


Input for -3.0 dB Limiting 


— 


— 


0.7 


2.0 


/nVrms 


Recovered Audio (RF signal level = 10 mV) 


13 


— 


350 


— 


mVrms 


Noise Output (RF signal level = mV) 


13 


— 


250 


— 


mVrms 


Carrier Detect Threshold (below Vcc) 


10 


— 


0.64 


— 


Vdc 


Meter Drive Slope 


10 


— 


100 


— 


nA/dB 


Input for 20 dB (S + N)/N (See Figure 7) 


— 


— 


0.7 


— 


/tVrms 


First Mixer 3rd Order Intercept (Input) 


— 


— 


-22 


— 


dBm 


First Mixer Input Resistance (Rp) 


— 


— 


690 


— 


a 


First Mixer Input Capacitance (Cp) 


— 


— 


7.2 


— 


PF 


First Mixer Conversion Voltage Gain 


— 


— 


18 


— 


dB 


Second Mixer Conversion Voltage Gain 


— 


— 


21 


— 


dB 


Detector Output Resistance 


13 


— 


1.4 


— 


ka 



FIGURE 3 — TEST CIRCUIT 
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FIGURE 4 — ImETER versus INPUT 



FIGURE 5 — DRAIN CURRENT, RECOVERED AUDIO versus SUPPLY 
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FIGURE 6 — SIGNAL LEVELS 
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FIGURE 7 — S + N, N, AMR versus INPUT 
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FIGURE 8 — 1ST MIXER 3RD ORDER INTERMODULATION 
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FIGURE 9 — DETECTOR OUTPUT versus FREQUENCY 
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CIRCUIT DESCRIPTION 

The MC3362 is a complete FM narrowband receiver 
from antenna input to audio preamp output. The low 
voltage dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar- 
rowband voice and data link applications. 

In the typical application {Figure 1), the first mixer 
amplifies the signal and converts the RF input to 10.7 
MHz. This IF signal is filtered externally and fed into the 
second mixer, which further amplifies the signal and 
converts it to a 455 kHz IF signal. After external band- 
pass filtering, the low IF is fed into the limiting amplifier 
and detection circuitry. The audio is recovered using a 
conventional quadrature detector. Twice-IF filtering is 
provided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 

APPLICATION 

The first local oscillator can be run using a free- 
running LC tank, as a VCO using PLL synthesis, or 
driven from an external crystal oscillator. It has been 
run to 190 MHz.* A buffered output is available at Pin 
20. The second local oscillator is a common base Col- 
pitts type which is typically run at 10.245 MHz under 
crystal control. A buffered output is available at Pin 
2. Pins 2 and 3 are interchangeable. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conver- 
sion gains of 18 dB and 22 dB (typical), respectively, 
as seen in Figure 6. Mixer gain is stable with respect 
to supply voltage. For both conversions, the mixer 
impedances and pin layout are designed to allow the 
user to employ low cost, readily available ceramic fil- 
ters. Overall sensitivity and AM rejection are shown 
in Figure 7. The input level for 20 dB (S + N)/N is 0.7 
/LtV using the two-pole post-detection filter pictured. 



Following the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. The 10.7 MHz filtered sig- 
nal is then fed into one second mixer input pin, the 
other input pin being connected to Vcc- 

The 455 kHz IF is typically filtered using a ceramic 
bandpass filter then fed into the limiter input pin. The 
limiter has 10 /aV sensitivity for -3.0 dB limiting, flat 
to 1.0 MHz. 

The output of the limiter is internally connected to 
the quadrature detector, including a quadrature 
capacitor. A parallel LC tank is needed externally from 
Pin 12 to Vcc- A 68 kfl shunt resistance is included 
which determines the peak separation of the quad- 
rature detector; a smaller value will increase the spac- 
ing and linearity but decrease recovered audio and 
sensitivity. 

A data shaping circuit is available and can be cou- 
pled to the recovered audio output of Pin 13. The cir- 
cuit is a comparator which is designed to detect zero 
crossings of FSK modulation. Data rates of 2000 to 
35000 baud are detectable using the circuit of Figure 
1. Hysteresis is available by connecting a high-valued 
resistor from Pin 15 to Pin 14. Values below 120 kH 
are not recommended as the input signal cannot over- 
come the hysteresis. 

The meter drive circuitry detects input signal level 
by monitoring the limiting of the limiting amplifier 
stages. Figure 4 shows the unloaded current at Pin 10 
versus input power. The meter drive current can be 
used directly (RSSI) or can be used to trip the carrier 
detect circuit at a specified input power. To do this, 
pick an RF trip level in dBm. Read the corresponding 
current from Figure 4 and pick a resistor such that: 

Rio -0.64Vdc/lio 

Hysteresis is available by connecting a high-valued 
resistor Rh between Pins 10 and 11. The formula is: 

Hyst. = Vcc/(Rhx 10-7) dB 



*lf the first local oscillator (Pins 21 and/or 22) is driven from 
a strong external source (100 nnVrms), the mixer can be 
used to over 450 MHz. 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



LOW POWER DUAL CONVERSION FM RECEIVER 

The MC3363 is a single chip narrowband VHF FM radio receiver. 
It is a dual conversion receiver with RF amplifier transistor, oscil- 
lators, mixers, quadrature detector, meter drive/carrier detect and 
mute circuitry. The MC3363 also has a buffered first local oscillator 
output for use with frequency synthesizers, and a data slicing 
comparator for FSK detection. 

• Wide Input Bandwidth — 200 MHz Using Internal Local Oscillator 

— 450 MHz Using External Local Oscillator 

• RF Amplifier Transistor 

• Muting Operational Amplifier 

• Complete Dual Conversion 

• Low Voltage: Vqc = 2.0 V to 7.0 V 

• Low Drain Current: Iqc = 3.6 mA (Typ) at Vqc = 3.0 V, 
Excluding RF Amplifier Transistor 

• Excellent Sensitivity: Input 0.3 /iV (Typ) for 12 dB SINAD 
Using Internal RF Amplifier Transistor 

• Data Shaping Comparator 

• Received Signal Strength Indicator (RSSI) with 60 dB 
Dynamic Range 

• Low Number of External Parts Required 

• Manufactured in Motorola's MOSAIC Process Technology 

• See AN980 For Additional Design Information 



MC3363 



LOW POWER 

DUAL CONVERSION 

FM RECEIVER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




DW SUFFIX 

PLASTIC PACKAGE 

CASE 751 F 

80-28 



FIGURE 1 — PIN CONNECTIONS AND FUNCTIONAL 
BLOCK DIAGRAM 



1st Mixer Input [T 

Base [7 

Emitter [T 

Collector [T 

2nd LO Emitter [5 

2nd LO Base [I 

2nd Mixer Output [7 

vccH 

Limiter Input [T 

Limiter Decoupling [To 

Limiter Decoupling QT 

Meter Drive (RSSI) Ql 

Carrier Detect [i3 

Quadrature Coil 01 




28] 1st Mixer Input 
27] Varicap Control 
m 1st LO Tank 
m 1st LO Tank 
24] 1st LO Output 
23] 1st Mixer Output 
H] 2nd Mixer Input 
2^\ 2nd Mixer Input 

m Vee 

Tg] Mute Output 

18) Comparator Output 

It] Comparator Input 

je] Recovered Audio 

m Mute Input 
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MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


8 


VcC(max) 


8.0 


Vdc 


Operating Supply Voltage Range 
(Recomnnended) 


8 


Vcc 


2.0 to 7.0 


Vdc 


Input Voltage (Vcc = 5.0 Vdc) 


1,28 


Vl-28 


1.0 


Vrms 


Mute Output Voltage 


19 


Vl9 


-0.7 to 8.0 


Vpk 


Junction Temperature 


— 


Tj 


150 


°C 


Operating Ambient Temperature Range 


— 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


— 


Tstg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (Vqc = 5.0 Vdc, fo = 49.7 MHz, Deviation = ±3.0 kHz, Ta = 25°C, Mod 1.0 kHz, 

Test Circuit of Figure 2 unless otherwise noted) 



Characteristic 


Pin 


Min 


Typ 


Max 


Unit 


Drain Current (Carrier Detect Low) 


8 


— 


4.5 


8.0 


mA 


-3.0 dB Limiting Sensitivity (RF Amplifier Not Used) 


— 


— 


0.7 


2.0 


/iVrms 


20 dB S/N Sensitivity (RF Amplifier Not Used) 


— 


— 


1.0 


— 


)LiVrms 


1st Mixer Input Resistance (Parallel — Rp) 


1,28 


— 


690 


— 


Ohm 


1st Mixer Input Capacitance (Parallel — Cp) 


1,28 


— 


7.2 


— 


PF 


1st Mixer Conversion Voltage Gain (Avd, Open Circuit) 


— 


— 


18 


— 


dB 


2nd Mixer Conversion Voltage Gain (Avc2' Open Circuit) 


— 


— 


21 


— 


dB 


2nd Mixer Input Sensitivity (20 dB S/N) (10.7 MHz i/p) 


21 


— 


10 


— 


/xVrms 


Limiter Input Sensitivity (20 dB S/N) (455 kHz i/p) 


9 


— 


100 


— 


/iVrms 


RF Transistor DC Current Drain 


4 


1.0 


1.5 


2.5 


mAdc 


Recovered Audio (RF Signal Level = 1.0 mV) 


16 


120 


200 


— 


mVrms 


Noise Output Level (RF Signal = mV) 


16 


— 


70 


— 


mVrms 


THD of Recovered Audio (RF Signal = 1.0 mV) 


16 


— 


2% 


— 


% 


Detector Output Impedance 


16 


— 


400 


— 


Ohm 


Data (Comparator) Output Voltage — High 
— Low 


18 
18 


0.1 


0.1 


Vcc 


Vdc 
Vdc 


Data (Comparator) Threshold Voltage Difference 


17 


70 


110 


150 


mV 


Meter Drive Slope 


12 


70 


100 


135 


nA/dB 


Carrier Detect Threshold (Below Vcc) 


12 


0.53 


0.64 


0.77 


Vdc 


Mute Output Impedance — High 
— Low 


19 
19 


— 


10 
25 





Mohm 
Ohm 
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FIGURE 2 — TEST CIRCUIT 



O 



Vcc = 5.0 Vdc 

O 



1st Mixer Input 
50 MHz O" 




CRFl: muRataSFE 10.7 M 
or Equivalent 

CRF 2: muRata CPU 455D 
or Equivalent 

LI: Coilcraft UNI 10/142 lOVa Turns 

LCI: Toko RMC2A6597HM 



From PLL Phase Detector 

o 



* To PLL Phase Detector 
10 /iF 



O Mute Output 



O Comparator Output 



^ Recovered Audio 
Output 



■Q Comparator Test Input 



O Mute Input 



CIRCUIT DESCRIPTION 

The MC3363 is a complete FM narrowband receiver 
from RF amplifier to audio preamp output. The low volt- 
age dual conversion design yields low power drain, 
excellent sensitivity and good image rejection in nar- 
rowband voice and data link applications. 

In the typical application, the input RF signal is ampli- 
fied by the RF transistor and then the first mixer ampli- 
fies the signal and converts the RF input to 10.7 MHz. 
This IF signal is filtered externally and fed into the sec- 
ond mixer, which further amplifies the signal and con- 
verts it to a 455 kHz IF signal. After external bandpass 
filtering, the low IF is fed into the limiting amplifier and 
detection circuitry. The audio is recovered using a con- 
ventional quadrature detector. Twice-IF filtering is pro- 
vided internally. 

The input signal level is monitored by meter drive 
circuitry which detects the amount of limiting in the 
limiting amplifier. The voltage at the meter drive pin 
determines the state of the carrier detect output, which 
is active low. 

APPLICATION 

The first local oscillator is designed to serve as the 
VCO in a PLL frequency synthesized receiver. The 
MC3363 can operate together with the MC145166/7 to 
provide a two-chip ten channel frequency synthesized 
receiver in the 46/49 cordless telephone band. The 
MC3363 can also be used with the MC14515X series of 
CMOS PLL synthesizers and MC120XX series of ECL 
prescalers in VHF frequency synthesized applications to 
200 MHz. 

For single channel applications the first local oscil- 
lator can be crystal controlled. The circuit of Figure 4 
has been used successfully up to 60 MHz. For higher 
frequencies an external oscillator signal can be injected 
into Pins 25 and/or 26 — a level of approximately 100 
mVrms is recommended. The first mixer's transfer char- 
acteristic is essentially flat to 450 MHz when this 
approach is used (keeping a constant 10.7 MHz IF fre- 
quency). The second local oscillator is a Colpitts type 
which is typically run at 10.245 MHz under crystal 
control. 

The mixers are doubly balanced to reduce spurious 
responses. The first and second mixers have conversion 
gains of 18 dB and 21 dB (typical), respectively. Mixer 
gain is stable with respect to supply voltage. For both 
conversions, the mixer impedances and pin layout are 
designed to allow the user to employ low cost, readily 
available ceramic filters. 

Following the first mixer, a 10.7 MHz ceramic band- 
pass filter is recommended. The 10.7 MHz filtered signal 
is then fed into the second mixer input Pin 21, the other 
input Pin 22 being connected to Vcc- 

The 455 kHz IF is filtered by a ceramic narrow band- 
pass filter then fed into the limiter input Pin 9. The limiter 
has 10 AtV sensitivity for -3.0 dB limiting, flat to 1.0 
MHz. 



The output of the limiter is Internally connected to 
the quadrature detector, including a quadrature capac- 
itor. A parallel LC tank is needed externally from Pin 14 
to Vcc- A 68 kOhm shunt resistance is included which 
determines the peak separation of the quadrature detec- 
tor; a smaller value will lower the Q and expand the 
deviation range and linearity, but decrease recovered 
audio and sensitivity. 

A data shaping circuit is available and can be coupled 
to the recovered audio output of Pin 16. The circuit is 
a comparator which is designed to detect zero crossings 
of FSK modulation. Data rates of 2000 to 35000 baud 
are detectable using the comparator. Best sensitivity is 
obtained when data rates are limited to 1200 baud max- 
imum. Hysteresis is available by connecting a high-val- 
ued resistor from Pin 17 to Pin 18. Values below 120 
kOhm are not recommended as the input signal cannot 
overcome the hysteresis. 

The meter drive circuitry detects input signal level by 
monitoring the limiting of the limiting amplifier stages. 
Figure 5 shows the unloaded current at Pin 12 versus 
Input power. The meter drive current can be used 
directly (RSSI) or can be used to trip the carrier detect 
circuit at a specified input power. 

A muting op amp is provided and can be triggered 
by the carrier detect output (Pin 13). This provides a 
carrier level triggered squelch circuit which is activated 
when the RF input at the desired input frequency falls 
below a preset level. The level at which this occurs is 
determined by the resistor placed between the meter 
drive output (Pin 12) and Vcc- Values between 80-130 
kOhms are recommended. This type of squelch is pic- 
tured in Figures 3 and 4. 

Hysteresis is available by connecting a high-valued 
resistor Rh between Pins 12 and 13. The formula is: 

Hyst = Vcc/ (Rhx 10-7) dB 

The meter drive can also be used directly to drive a 
meter or to provide AGC. A current to voltage converter 
or other linear buffer will be needed for this application. 

A second possible application of the op amp would 
be in a noise triggered squelch circuit, similar to that 
used with the MC3357/MC3359/MC3361 FM I.F.'s. In this 
case the op amp would serve as an active noise filter, 
the output of which would be rectified and compared 
to a reference on a squelch gate. The MC3363 does not 
have a dedicated squelch gate, but the NPN RF input 
stage or data shaping comparator might be used to 
provide this function if available. The op amp Is a basic 
type with the inverting input and the output available. 
This application frees the meter drive to allow it to be 
used as a linear signal strength monitor. 

The circuit of Figure 4 is a complete 50 MHz receiver 
from antenna input to audio preamp output. It uses few 
components and has good performance. The receiver 
operates on a single channel and has input sensitivity 
of <0.3 /LtV for 12dBSINAD. 
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FIGURE 3 — TYPICAL APPLICATION IN A PLL FREQUENCY SYNTHESIZED RECEIVER 



CRF1: muRata SFE 10.7M 
CRF2: muRata CPU 455D 
LCI: Toko RMC2A6597HM 
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FIGURE 4 — SINGLE CHANNEL CRYSTAL CONTROLLED FM RECEIVER 
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FIGURE 5 — CIRCUIT SCHEMATIC 
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TECHNICAL DATA 



LOW VOLTAGE FM NARROWBAND RECEIVER 

. . . with single conversion circuitry including oscillator, mixer, IF 
amplifiers, limiting IF circuitry, and quadrature discriminator. The 
MC3367 is perfect for narrowband audio and data applications up 
to 75 MHz which require extremely low power consumption. Bat- 
tery powered applications down to Vcc = 1.1 V are possible. The 
MC3367 also includes an on-board voltage regulator, low battery 
detection circuitry, a receiver enable allowing a power down 
"sleep mode," two undedicated buffer amplifiers to allow simul- 
taneous audio and data reception, and a comparator for enhanc- 
ing FSK {Frequency Shift Keyed) data reception. 

• Low Supply Voltage: Vqq = 1.1 to 3.0 Vdc 

• Low Power Consumption: Pp = 1.5 to 5.0 mW 

• Input Bandwidth 75 MHz 

• Excellent Sensitivity: Input Limiting Voltage (-3.0 dB) 
= 0.2 /^Vrms 

• Voltage Regulator Available (Source Capability 3.0 mA) 

• Receiver Enable to Allow Active/Standby Operation 

• Low Battery Detection Circuitry 

• Self Biasing Audio Buffer with Nominal Gain Ay = 4.0 

• Data Buffer with Nominal Gain Ay = 3.2 

• Comparator with > 25 kHz (50 kbaud) Capability 

• Standard 28-Lead Surface Mount (SOIC) Package 
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PIN CONNECTIONS 


Mixer Dcpl.C 


1 


28 


3 2nd IF Amp In 


Mixer OutC 


2 


27 


J Data Buffer Out 


Mixer InC 


3 


26 


3 Data Buffer In 


Osc. Dcpl.C 


4 


25 


3 1st IF Amp Out 


Osc. BaseC 


5 


24 


3VCC3 


Osc. Emit.C 


6 


23 


3 1st IF Amp In 


Isrc Dcpl.C 


7 


22 


3 Audio Buffer Out 


IFGndC 


8 


21 


3 Audio Buffer In 


VCC2C 


9 


20 


3 Low Battery Det. 


Rec. Audio C 


10 


19 


D 1.2 V Select 


Quad TankC 


11 


18 


iVcc 


Quad TankC 


12 


17 


3Vreg 


Demod. GndC 


13 


16 


3 Receiver Enable 


Comparator I/PC 


14 


15 


3 Comparator 0/P 
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ABSOLUTE MAXIMUM RATINGS (Voltages referred to Pin 12; Ta = 25°C) 



Parameter 


Pin 


Value 


Units 


Supply Voltage 


18 


5.0 


Vdc 


RF Input Signal 


3 


1.0 


Vrms 


Audio Buffer Input 


21 


1.0 


Vrms 


Data Buffer Input 


26 


1.0 


Vrms 


Comparator Input 


14 


1.0 


Vrms 


Junction Temperature 


— 


150 


X 


Storage Temperature 


— 


-65 to +150 


°C 



Devices should not be operated at or outside these values. The "Recommended Operating Limits" 
provide for actual device operation. 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Pin 


Value 


Units 


Supply Voltage 


18 


1.1 to 3.0 


Vdc 


Receiver Enable Voltage 


16 


or Vcc 


Vdc 


1.2 V Select Voltage 


19 


vcc 


Vdc 


RF Input Signal 


3 


0.001 to 100 


mVrms 


RF Input Frequency 


3 


0to75 


MHz 


Intermediate Frequency (IF) 


— 


455 


kHz 


Audio Buffer Input 


21 


0to75 


mVrms 


Data Buffer Input 


26 


0to75 


mVrms 


Comparator Input 


14 


10 to 300 


mVrms 


Ambient Temperature 


— 


0to70 


°C 



FIGURE 2 — TEST CIRCUIT 

(All capacitors in fiF unless otherwise stated. Resistors in ohms. Inductors in Henries.) 
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ELECTRICAL CHARACTERISTICS (Vqc = 1.3 V, fo = 45 MHz, fmod = 1-0 kHz, Deviation 

Test Circuit of Figure 2 unless otherwise noted) 



3.0 kHz, Ta = 25°C, 



Characteristic 


Pin Min 1 Typ Max | Units 


OVERALL MC3367 PERFORIVIANCE 


Drain Current — Pin 15 = Vqc 
— Pin 15 = Vdc 


— 


— 


1.4 
0.5 


3.0 


mA 

fJLA 


Recovered Audio (RF Input = 10 mV) 


10 


— 


13 


— 


mVrms 


Noise Output (RF Input = mV) 


10 


— 


4.5 


— 


mVrms 


Input for -3.0 dB Limiting 


3 


— 


0.2 


— 


/LtVrms 


MIXER 


Mixer Input Resistance (Rp) 


3 


— 


3.0 


— 


ka 


Mixer Input Capacitance (Cp) 


3 


— 


9.0 


— 


PF 


FIRST IF AMPLIFIER 


First IF Amp Voltage Gain 


— 1 — 25 1 — 1 dB 


AUDIO BUFFER 


Voltage Gain 


— 


— 


4.0 


— 


VA/ 


Input Resistance 


21 


— 


125 


— 


kn 


Maximum Input for Undistorted Output 


21 


— 


70 


— 


mVrms 


Maximum Output Swing 


22 


— 


800 


— 


mVpp 


Output Resistance 


22 


— 


680 


— 


fl 


DATA BUFFER 


Voltage Gain 


— 


— 


3.2 


— 


V/V 


Input Resistance 


26 


— 


8.0 


— 


Ma 


Maximum Input for Undistorted Output 


26 


— 


70 


— 


mVrms 


Maximum Output Swing 


27 


— 


600 


— 


mVpp 


Output Resistance 


27 


— 


1.5 


— 


kfl 


COMPARATOR 


Minimum Input for Triggering 


14 


— 


7.0 


— 


mVrms 


Maximum Input Frequency (Rl = 100 kft) 


14 


— 


25 


— 


kHZ 


Rise Time (10-90%; Rl = 100 kd) 


15 


— 


5.0 


— 


flS 


Fall Time (90-10%; Rl = 100 kft) 


15 


— 


0.4 


■ — 


flS 


LOW BATTERY DETECTOR 


Low Battery Trip Point 


18 


— 


1.09 


— 


Vdc 


Low Battery Output — Vqc = 0.9 V 
-Vcc = 1.3 V 


20 
20 


I 


0.2 

Vcc 


I 


Vdc 
Vdc 


VOLTAGE REGULATOR 


Regulated Output (see Figure 6) 


17 


— 


0.95 


— 


Vdc 


Source Capability 


17 


— 


— 


3.0 


mA 
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FIGURE 3 — RECOVERED AUDIO versus SUPPLY 



FIGURE 4 — DRAIN versus SUPPLY 
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FIGURE 5 — S + N, N versus INPUT 



FIGURE 6 — Vreg versus SUPPLY 
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CIRCUIT DESCRIPTION 

The MC3367 is an FM narrowband receiver capable 
of operation to 75 MHz. The low voltage design yields 
low power drain and excellent sensitivity in narrowband 
voice and data link applications. In the typical applica- 
tion the mixer amplifies the incoming RF or IF signal 
and converts the RF or IF frequency to 455 kHz. This 
signal is then filtered by a 455 ceramic filter and applied 
to the first intermediate frequency (IF) amplifier input. 
This amplifier amplifies the 455 kHz IF before it is filtered 
by a second ceramic filter. The modulated IF signal is 
then applied to the limiting IF amplifier and detector 
circuitry. Audio is recovered by a conventional quad- 
rature detector. 

Features available include buffers for audio/data 
amplification and active filtering, on board voltage reg- 
ulator, low battery detection circuitry with program- 
mable level, and receiver disable circuitry. The MC3367 
is an FM utility receiver to be used for voice and/or 
narrowband data reception, especially suitable where 
extremely low power consumption and high design 
flexibility are required. 



APPLICATION 

The MC3367 can be used as a high performance FM 
IF for use In low power dual conversion receivers. 
Because of the MC3367's extremely good sensitivity 
(0.6iLtV for 20 dB (S + N)/N, see Figure 5), it can also 
be used as a stand alone single conversion narrow- 
band receiver to 75 MHz for applications not sensitive 
to image frequency interference. 

The oscillator is a Colpitts type which can be run as 
an LC oscillator or under crystal control. The crystal 
in Figure 2 is a 3rd overtone series mode type, and 
the 1.2 /iH coil (LI) and 1.0 kO resistor are needed to 
ensure proper operation. For fundamental mode crys- 
tals, the inductor LI can be omitted. 

The best adjacent channel and sensitivity response 
occur when two 455 kHz ceramic filters are used, as 
shown in Figure 2. Either can be replaced by a 0.1 juF 
coupling capacitor to reduce cost, but some degrada- 
tion in sensitivity and/or stability is suspected. 

The detector is a quadrature type, with the connec- 
tion from the limiter output to the detector input pro- 
vided internally as with the MC3359 and the MC3361. 
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FIGURE 7 — CIRCUIT SCHEMATIC 
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A 455 kHz LC tank circuit must be provided externally. 
One of the tank pins (Pin 1 1 ) must be decoupled using 
a 0.1 fjLp capacitor. The 56 kH damping resistor shown 
in Figure 2 determines the peak separation (and thus 
the detector bandwidth) of the detector. Smaller val- 
ues will increase the separation and bandwidth but 
decrease recovered audio and sensitivity. 

The data buffer is a non-inverting amplifier with a 
nominal voltage gain of 3.2 VA/. This buffer needs its 
dc bias (approx. 250 mV) provided externally or else 
debiasing will occur. A single-pole RC filter as shown 
in Figure 5 connecting the recovered audio output to 
the data buffer input provides the necessary dc bias and 
some post-detection filtering. The buffer can also be 
used as an active filter. 

The audio buffer is a non-inverting amplifier with a 
nominal voltage gain of 4.0 V/V. This buffer is self- 
biasing so its input should be ac coupled. The two 
buffers, when used as active filters, can be used 
together to allow simultaneous audio and very low- 
speed data reception. Another possible configuration 
is to receive audio only and include a noise-triggered 
squelch. 

The comparator is a non-inverting type with an open 
collector output. Typically the pull-up resistor used 
between Pin 15 and Vqc "s 100 kfl. With Rl = 100 kfi 



the comparator is capable of operation up to 25 kHz. 
This circuit is self-biasing, so its input should be ac 
coupled. 

The regulator is a 0.95 V reference capable of sourcing 
3.0 mA. This pin (Pin 17) needs to be decoupled using 
a 1.0-10 jLtF capacitor to maintain stability of the 
MC3367. 

All three Vqc's on the MC3367 (VqC/ VcC2' VcC3) run 
on the same supply voltage. Vcc 's typically decoupled 
using capacitors only. VcC2 ^^^ VcC3 should be 
bypassed using the RC bypasses shown in Figure 2. 
Eliminating the resistors on the VcC2 snd VcC3 
bypasses may be possible in some applications, but a 
reduction in sensitivity and quieting will likely occur. 

The low battery detection circuit gives an NPN open 
collector output at Pin 20 which drops low when the 
MC3367 supply voltage drops below 1.1 V. Typically it 
would be pulled up via a 100 kfi resistor to supply. 

The 1.2 V Select pin, when connected to the MC3367 
supply, programs the low battery detector to trip at Vqc 
< 1.1 V. Leaving this pin open raises the trip voltage on 
the low battery detector. 

Pin 1 6 is a receiver enable, which is connected to Vqc 
for normal operation. Connecting this pin to ground 
shuts off receiver and reduces current drain to Iqc < 
0.5 fiA. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
Low Power 
Narrowband FM IF 

The MC3371 and MC3372 perform single conversion FIVI reception and 
consist of an oscillator, mixer, limiting IF amplifier, quadrature discrimi- 
nator, active filter, squelch switch, and meter drive circuitry. These devices 
are designed for use In FM dual conversion communication equipment. 
The MC3371/MC3372 are similar to the MC3361/MC3357 FM IFs, except 
that a signal strength indicator replaces the scan function controlling driver 
which is in the MC3361/MC3357. The MC3371 is designed for the use of 
parallel LC components, while the MC3372 is designed for use with either 
a 455 kHz ceramic discriminator, or parallel LC components. 

These devices also require fewer external parts than earlier products. 
The MC3371 and MC3372 are available in dual-in-line and surface mount 
packaging. 

• Wide Operating Supply Voltage Range: Vqc = 2.0 to 9.0 V 

• Input Limiting Voltage Sensitivity of -3.0 dB 

• Low Drain Current: Iqc = 3-2 mA, @ Vcc = 4.0 V, Squelch Off 

• Minimal Drain Current Increase When Squelched 

• Signal Strength Indicator: 60 dB Dynamic Range 

• Mixer Operating Frequency Up to 100 MHz 

• Fewer External Parts Required than Earlier Devices 

MAXIMUM RATINGS 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4 


Vcc(max) 


10 


Vdc 


RF Input Voltage (Vqc ^ 4.0 Vdc) 


16 


Vl6 


1.0 


Vrms 


Detector Input Voltage 


8 


V8 


1.0 


Vp.p 


Squelch Input Voltage (Vcc ^ 4,0 Vdc) 


12 


Vl2 


6.0 


Vdc 


Mute Function 


14 


Vl4 


-0.7 to 10 


Vpk 


Mute Sink Current 


14 


Il4 


50 


mA 


Junction Temperature 


— 


Tj 


150 


°C 


Storage Temperature Range 


— 


Tstg 


-65 to +150 


°C 


Devices should not be operated at these values, 
provides conditions for actual device operation. 

RECOMMENDED OPERATING CONDI 


The "R 

noNS 


Bcommended ( 

i 


Dperating Condit 


ions" table 


Rating 


Pin 


Symbol 


Value 


Unit 


Supply Voltage (@ Ta = 25°C) 
(-SOX^Ta^ +75°C) 


4 


Vcc 


2.0 to 9.0 
2.4 to 9.0 


Vdc 


RF Input Voltage 


16 


Vrf 


0.0005 to 10 


mVrms 


RF Input Frequency 


16 


frf 


0.1 to 100 


MHz 


Oscillator Input Voltage 


1 


Viocal 


80 to 400 


mVrms 


Intermediate Frequency 


— 


fif 


455 


kHz 


Limiter Amp Input Voltage 


5 


Vif 


to 400 


mVrms 


Filter Amp Input Voltage 


10 


Vfa 


0.1 to 300 


mVrms 


Squelch Input Voltage 


12 


Vsa 


Oor2 


Vdc 


Mute Sink Current 


14 


Isq 


0.1 to 30 


mA 


Ambient Temperature Range 


— 


Ta 


-30 to +70 


°C 



IVIC3371 
IVIC3372 



LOW POWER 
FMIF 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



.^ 



D SUFFIX 

PLASTIC PACKAGE 

CASE 751 B 

(SO-16) 



PIN CONNECTIONS 
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ORDERING INFORMATION 



This document contains Infornnatlon on a new product, 
subject to change without notice. 



Specifications and tnfornnation herein are 



Device 


Temperature 
Range 


Package 


MC3371D 


-30° to +70°C 


SO-16 


MC3371P 


Plastic DIP 


MC3372D 


SO-16 


MC3372P 


Plastic DIP 
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AC ELECTRICAL CHARACTERISTICS (Vqc = 4.0 Vdc, fo = 58.1125 MHz, df 

= 57.6575 MHz, V|ocal = dBm, Ta = 



= ±3.0 kHz, fmod = 1-0 kHz, 50 fi source, f|ocal 
25°C unless otherwise noted) 



Characteristic 


Pin 


Symbol 


Min 


Typ 


Max 


Unit 


Input for 12 dBSINAD 
Matched Input — (See Figures 10, 11 & 12) 
Unmatched Input — (See Figures 7A & 7B) 


— 


VSIN 


- 


1.0 
5.0 


15 


/xVrms 


Input for 20 dB NQS 


— 


vnqs 


— 


3.5 


— 


/iVrms 


Recovered Audio Output Voltage 
Vrf = -30 dBm 


— 


AFo 


120 


200 


320 


mVrms 


Recovered Audio Drop Voltage Loss 
Vrf = -30 dBm, Vcc = 4.0 V to 2.0 V 


— 


AFioss 


-8.0 


-1.5 


_ 


dB 


Meter Drive Output Voltage (No Modulation) 
Vrf = -100 dBm 
Vrf = -70 dBm 
Vrf = -40 dBm 


13 


Morv 
MV1 
MV2 
MV3 


1.1 
2.0 


0.3 
1.5 
2.5 


0.5 
1.9 
3.1 


Vdc 


Filter Amp Gain 
Rs = 600 n, fs = 10 kHz, Vfg = 1.0 mVrms 


— 


Av(Amp) 


47 


50 


_ 


dB 


Mixer Conversion Gain 
Vrf = -40 dBm, Rl = 1.8 kO 


— 


Av(Mix) 


14 


20 


_ 


dB 


Signal to Noise Ratio 
Vrf = -30 dBm 


— 


s/n 


36 


67 


_ 


dB 


Total Harmonic Distortion 
Vrf = -30 dBm, BW = 400 Hz to 30 kHz 


— 


THD 


_ 


0.6 


3.4 


% 


Detector Output Impedance 


9 


zo 


— 


450 


— 


a 


Detector Output Voltage (No Modulation) 
Vrf = -30 dBm 


9 


DVo 


_ 


1.45 


_ 


Vdc 


Meter Drive 
Vrf = -100 to -40 dBm 


13 


Mo 


_ 


0.8 


_ 


IxA/dB 


Meter Drive Dynamic Range 

RF|n 

IF|n (455 kHz) 


13 


MVD 


- 


60 
80 


- 


dB 


Mixer Third Order Input Intercept Point 
f1 = 58.125 MHz 
f2 = 58.1375 MHz 




ITOMix 




-22 




dBm 


Mixer Input Resistance 


16 


Rin 


— 


3.3 


— 


ka 


Mixer Input Capacitance 


16 


Cin 


— 


2.2 


— 


PF 



DC ELECTRICAL CHARACTERISTICS (Vpc = 4.0 Vdc, Ta = 25°C, unless otherwise noted) 



Characteristic 


Pin 


Symbol 


Min 


Typ 


Max 


Unit 


Drain Current (No Input Signal) 
Squelch Off, Vgq = 2.0 Vdc 
Squelch On, Vgq = Vdc 
Squelch Off, Vqc = 2.0 to 9.0 V 


4 


led 
Icc2 
died 


- 


3.2 
3.6 
1.0 


4.2 
4.8 
2.0 


mA 


Detector Output (No Input Signal) 
DC Voltage, V8 = Vcc 


9 


V9 


0.9 


1.6 


2.3 


Vdc 


Filter Output (No Input Signal) 
DC Voltage 
Voltage Change, Vqc = 2.0 to 9.0 V 


11 


Vll 
dVn 


1.5 
2.0 


2.5 
5.0 


3.5 
8.0 


Vdc 


Trigger Hysteresis 


— 


Hys 


34 


57 


80 


mV 
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TYPICAL CURVES (UNMATCHED INPUT) 



o 4.0 



2.0 



FIGURE 1 — TOTAL HARMONIC DISTORTION 
versus TEMPERATURE 



FIGURE 2 — RSSI versus RF INPUT 
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FIGURE 3 — RSSI OUTPUT versus TEMPERATURE 



FIGURE 4 — MIXER OUTPUT versus RF INPUT 





4? 


•^ 






'^H 


^ 




{i: 


30 






c75 


24 


CO 




cc 


18 




12 










„u ^ 










> 






30 


QDm — 




"■"^ 


















vc 


C = 4.0 


Vdc 














fo 


= 10.7 MHz n 
























•^ 


-7C 


dBm 


— 



































































^ 


-110 dBm 


. 









-55 -35 -15 5.0 25 45 65 
Ta, AMBIENT TEMPERATURE (°C) 



105 125 




-10 

^-30 

a. 

H- 

O-40 
cc 

LU 

x: 

2-50 







100 
sired Pro 


MHz 


y^ 




"^ 






De 


Juctsx^ 














y/^ 








/ 




/lOO 


MHz 
Order Pre 








/ 






/ 3rd 


ducts 










} 
















/ 




1 1 
Vcc = 4.0Vdc 








/ 




Ta = 27°C 





-70 -60 



-50 -40 -30 -20 
RF INPUT (dBm) 



FIGURE 5 — MIXER GAIN versus SUPPLY VOLTAGE 



FIGURE 6 — MIXER GAIN versus FREQUENCY 
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FIGURE 7A — MC3371 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC 
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FIGURE 7B — MC3372 FUNCTIONAL BLOCK DIAGRAM AND TEST FIXTURE SCHEMATIC 
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^— AAAr- 



muRata 
CFU455D2 

or 
equivalent 



C12. 
0.1 " 



RIO J-'^'' 

1.8 k 



C14 
27p 



R11 
51k 



R12 
4.3 k 



71 



AFOut 
■O to Audio 



.C15 
0.1 



□ 



Ceramic 
Resonator 

muRata 
CDB455C16 



Units: 

R: a C: /LiF 

Unless otherwise noted, 

capacitors marked "sm" 

are silver mica. 
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PIN DESCRIPTION 

OPERATING CONDITIONS Vqc = 4.0 Vdc, RF|n = 100 ix\l. fmod = 1-0 kHz, fdev = 3.0 kHz. MC3371 at fpp = 10.7 MHz 
(see Figure 10). 



Pin 



Symbol 



Internal Equivalent 
Circuit 



Description 



Waveform 



0SC1 



The base of the Colpitts oscillator. Use 
a high impedance and low capacitance 
probe or a "sniffer" to view the wave- 
form without altering the frequency. 
Typical level is 450 mVp-p. 



vcc 



0SC2 



0SC1- 
0SC2- 



> 



15k 




200 



The emitter of the Colpitts oscillator. 
Typical signal level is 200 mVp-p. Note 
that the signal is somewhat distorted 
compared to that on pin 1. 




MXout 



Output of the Mixer. Riding on the 
455 kHz is the RF carrier component. 
The typical level is approximately 
60 mVp-p. 



Vcc 




- Mixerout 



\^ 



Supply Voltage — 2.0 to 9.0 Vdc is the 
operating range. Vcc 's decoupled to 
ground. 



IF|n 



DECI-^ 



DEC1 
DEC2 




Input to the IF amplifier after passing 
through the 455 kHz ceramic filter. The 
signal is attenuated by the filter. The 
typical level is approximately 
50 mVp-p. 



DEC2 



IF Decoupling. External 0.1 /xF capaci- 
tors connected to Vcc- 
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PIN DESCRIPTION 

OPERATING CONDITIONS Vqc = 4.0 Vdc, RF|n = 100 ix\J. fmod = 1-0 kHz, fdev = 3-0 kHz. MC3371 at fpp = 10.7 MHz 
(see Figure 10). 



Pin 



Symbol 



Internal Equivalent 
Circuit 



Description 



Waveform 



Quad 
Coil 



-Quad Coil 

-vcc 



Quadrature Tuning Coil. Composite 
(not yet demodulated) 455 kHz IF 
signal is present. The typical level is 
500 mVp-p. 



=tlOpl 



JBO/iA 




RA 



Recovered Audio. This is a composite 
FM demodulated output having signal 
and carrier component. The typical 
level is 1.4 Vp-p. 



Vcc 




9 

|lOO/xA 



■RAout 



The filtered recovered audio has the 
carrier component removed and is 
typically 800 mVp-p. 




10 



Filln 




Filter Amplifier Input 



F'lQut 



Filter Amplifier Output. The typical 
signal level is 400 mVp-p. 



i 240 /lA 



-►-Filterout. 



vA/^ 
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PIN DESCRIPTION 

OPERATING CONDITIONS Vcc = 4.0 Vdc, RF|n = 100 /iV, fmod = 1-0 kHz, fdev = 3.0 kHz. MC3371 at fpp = 10.7 MHz 
(see Figure 10). 



Pin 


Symbol 


Internal Equivalent 
Circuit 


Description 


Waveform 


12 


Sqin 


Qi2mA 


Squelch Input. See discussion in 
application text. 




2a< 2Q»s 




13 


RSSI 


Vcc 

Ksk 

Bias>-|; 

S 13 
" ►-RSSIout 


RSSI Output. Referred to as the 
Received Signal Strength Indicator or 
RSSI. The chip sources up to 60 /lA 
over the linear 60 dB range. This pin 
may be used many ways, such as: 
AGC, meter drive and carrier triggered 
squelch circuit. 




14 


MUTE 


^^ Mute or 
r^ Sqout 

40 kl 


Mute Output. See discussion in 
application text. 




15 


GND 


GND 15 

4 ^ 


Ground. The ground area should be 
continuous and unbroken. In a two- 
sided layout, the component side has 
the ground plane. In a one-sided lay- 
out, the ground plane fills around the 
traces on the circuit side of the board 
and is not interrupted. 




16 


MIXin 


V( 

16 
Mixerinf 

3.3 k| 

- 


:c 

ilOk 

r 


Mixer Input — 
Series Input Impedance: 
Co 10 MHz: 309 -j33 H 

(a 45 MHz: 200 -j13 il 
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PIN DESCRIPTION 

OPERATING CONDITIONS Vcc = 4.0 Vdc, RF|n = 100 /aV, fmod = 1-0 kHz, fdev = 3.0 kHz. MC3372 at tpp = 45 MHz 
(see Figure 12). 



Pin 



Symbol 



Internal Equivalent 
Circuit 



Description 



Waveform 



JF|n 



DEC1 




IF Amplifier Input 



IF Decoupling. External 0.1 fxF capaci- 
tors connected to Vcc- 




IFOut 



Vcc 7 



IF Amplifier Output Signal level is 
typically 300 mVp-p. 



50 mA 




m^lk 




Quad|n 



--4-Quad|n 



.^50;uA 



Quadrature Detector Input. Signal 
level is typically 150 mVp-p. 




RA 



Recovered Audio. This is a composite 
FM demodulated output having signal 
and carrier components. Typical level 
is 800 mVp-p. 



Vcc 



200 9 




- RAout 



jlOOynA 



The filtered recovered audio has the 
carrier signal removed and is typically 
500 mVp-p. 




*Other pins are the same as pins in MC3371. 



MC3371.MC3372 
2-86 



MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 8 — MC3371 CIRCUIT SCHEMATIC 



Meter Out Filter In 
-13 , — ^10 




Squelch Out 



200 
' H^\AAr->- RA Out 



FIGURE 9 — MC3372 CIRCUIT SCHEMATIC 



0SC2 



Meter Out Filter In 
-13 , — #-10 




Squelch Out 



-n-<>l 



DEC-^- 
IFOut->- 



200 9 
< H^^W->- RA Out 
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CIRCUIT DESCRIPTION 

The MC3371 and MC3372 are low power narrowband 
FM receivers with an operating frequency of up to 
60 MHz. Its low voltage design provides low power drain, 
excellent sensitivity, and good image rejection in narrow- 
band voice and data link applications. 

This part combines a mixer, an IF (intermediate fre- 
quency) limiter with a logarithmic response signal 
strength indicator, a quadrature detector, an active filter 
and a squelch trigger circuit. In a typical application, the 
mixer amplifier converts an RF input signal to a 455 kHz 
IF signal. Passing through an external bandpass filter, the 
IF signal is fed into a limiting amplifier and detection 
circuit where the audio signal is recovered. A conven- 
tional quadrature detector is used. 

The absence of an input signal is indicated by the pres- 
ence of noise above the desired audio frequencies. This 
"noise band" is monitored by an active filter and a detec- 
tor. A squelch switch is used to mute the audio when 
noise or a tone is present. The input signal level is mon- 
itored by a meter drive circuit which detects the amount 
of IF signal in the limiting amplifier. 

APPLICATION 

The oscillator is an internally biased Colpitts type with 
the collector, base, and emitter connections at Pins 4, 1 
and 2 respectively. Thisoscillator can be run under crystal 
control. For fundamental mode crystals use crystal char- 
acterized parallel resonant for 32 pF load. For higher fre- 
quencies, use 3rd overtone series mode type crystals. 
The coil (L2) and resistor RD (R13) are needed to ensure 
proper and stable operation at the LO frequency (see 
Figure 12, 45 MHz application circuit). 

The mixer is doubly balanced to reduce spurious radia- 
tion. Conversion gain stated in the AC Electrical Char- 
acteristics table is typically 20 dB. This power gain mea- 
surement was made under stable conditions using a 50 ft 
source at the input and an external load provided by a 
455 kHz ceramic filter at the mixer output which is con- 
nected to the Vcc (Pin 4) and IF input (Pin 5). The filter 
impedance closely matches the 1 .8 kft internal load resis- 
tance at Pin 3 (mixer output). Since the input impedance 
at Pin 16 is strongly influenced by a 3.3 kft internal biasing 
resistor and has a low capacitance, the useful gain is 
actually much higher than shown by the standard power 
gain measurement. The Smith Chart plot in Figure 16 
shows the measured mixer input impedance versus input 
frequency with the mixer input matched to a 50 ft source 
impedance at the given frequencies. In order to assure 
stable operation under matched conditions, it is neces- 
sary to provide a shunt resistor to ground. Figures 10, 1 1 
and 12 show the input networks used to derive the mixer 
input impedance data. 

Following the mixer, a ceramic bandpass filter is rec- 
ommended for IF filtering (i.e. 455 kHz types having a 
bandwidth of ±2.0 kHz to ±15 kHz with an input and 
output impedance from 1.5 kft to 2.0 kft). The 6 stage 
limiting IF amplifier has approximately 92 dB of gain. The 
MC3371 and MC3372 are different in the limiter and quad- 
rature detector circuits. The MC3371 has a 1.8 kft and a 
51 kft resistor providing internal DC biasing and the out- 



put of the limiter is internally connected, both directly 
and through a 1 pF capacitor to the quadrature detector; 
whereas, in the MC3372 these components are not pro- 
vided internally. Thus, in the MC3371, no external com- 
ponents are necessary to match the 455 kHz ceramic filter, 
while in the MC3372, external 1.8 kft and 51 kft biasing 
resistors are needed between Pins 5 and 7, respectively 
(see Figures 11 and 12). 

In the MC3371, a parallel LCR quadrature tank circuit 
is connected externally from Pin 8 to Vqc (similar to the 
MC3361). In the MC3372, a quadrature capacitor is 
needed externally from Pin 7 to Pin 8 and a parallel LC 
or a ceramic discriminator with a damping resistor is also 
needed from Pin 8 to Vqc (similar to the MC3357). The 
above external quadrature circuitry provides 90° phase 
shift at the IF center frequency and enables recovered 
audio. 

The damping resistor determines the peak separation 
of the detector and is somewhat critical. As the resistor 
is decreased, the separation and the bandwidth is 
increased but the recovered audio is decreased. Receiver 
sensitivity is dependent on the value of this resistor and 
the bandwidth of the 455 kHz ceramic filter. 

On the chip the composite recovered audio, consisting 
of carrier component and modulating signal, is passed 
through a low pass filter amplifier to reduce the carrier 
component and then is fed to Pin 9 which has an output 
impedance of 450 ft. The signal still requires further fil- 
tering to eliminate the carrier component, deemphasis, 
volume control, and further amplification before driving 
a loudspeaker. The relative level of the composite 
recovered audio signal at Pin 9 should be considered for 
proper interaction with an audio post amplifier and a 
given load element. The MC13060 is recommended as a 
low power audio amplifier. 

The meter output indicates the strength of the IF level 
and the output current is proportional to the logarithm 
of the IF input signal amplitude. A maximum source cur- 
rent of 60 ^tA is available and can be used to drive a 
meter and to detect a carrier presence. This is referred 
to as a Received Strength Signal Indicator (RSSI). The 
output at Pin 13 provides a current source. Thus, a resis- 
tor to ground yields a voltage proportional to the input 
carrier signal level. The value of this resistor is estimated 
by (Vcc(Vdc) - 1 .0 V)/60 ^liA; so for VqC = 4-0 Vdc, the 
resistor is approximately 50 kft and provides a maximum 
voltage swing of about 3.0 V. 

A simple inverting op amp has an output at Pin 1 1 and 
the inverting input at Pin 10. The noninverting input is 
connected to 2.5 V. The op amp may be used as a noise 
triggered squelch or as an active noise filter. The band- 
pass filter is designed with external impedance elements 
to discriminate between frequencies. With an external 
AM detector, the filtered audio signal is checked for a 
tone signal or for the presence of noise above the normal 
audio band. This information is applied to Pin 12. 

An external positive bias to Pin 12 sets up the squelch 
trigger circuit such that the audio mute (Pin 14) is open 
or connected to ground. If Pin 12 is pulled down to 0.9 V 
or below by the noise or tone detector. Pin 14 is internally 
shorted to ground. There is about 57 mV of hyteresis at 
Pin 12to prevent jitter. Audio muting is accomplished by 
connecting Pin 14 to the appropriate point in the audio 
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path between Pin 9 and an audio amplifier. The voltage 
at Pin 14 should not be lower than -0.7 V; this can be 
assured by connecting Pin 14 to the point that has no dc 
component. 

Another possible application of the squelch switch may 
be as a carrier level triggered squelch circuit, similar to 



the MC3362/MC3363 FM receivers. In this case the meter 
output can be used directly to trigger the squelch switch 
when the RF input at the input frequency falls below the 
desired level. The level at which this occurs is determined 
by the resistor placed between the meter drive output 
(Pin 13) and ground (Pin 15). 



FIGURE 10 — TYPICAL APPLICATION FOR MC3371 AT 10.7 MHz 



Vcc = 4.0 Vdc 
Q 



Units: 

R: a, C: /xF 

Unless otherwise noted 

capacitors marl<ed "sm" 

are silver mica. 




10.245 ^ sm =L^220p 
MHz ^ ^ 



i ^ T2: Toko 

I 2A6597 HK (10 mm) 



muRata 
CFU455D2 



equivalent 



] Y ^ L.± .'J 7MC-8128Z(7 

J_C14 



mm) 



10.1 
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FIGURE 11 — TYPICAL APPLICATION FOR MC3372 AT 10.7 MHz 



Vcc = 4.0Vdc 
Q 



Units: 

R: a C: /LiF 
Unless otherwise noted 
capacitors marked "sm" 
are silver mica. 




muRata 
CDB455C16 



equivalent 
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Vcc = 4.0 Vdc 
p 



FIGURE 12 — TYPICAL APPLICATION FOR MC3372 AT 45 MHz 

RSSI Output 
to Meter (Triplett- 100 kV) 



Units: 

R: a C: /xF 

Unless otherwise noted 

capacitors marked "sm" 

are silver mica. 




CDB455C16 



equivalent 



FIGURE 13 — RSSI OUTPUT versus RF INPUT 



FIGURE 14 — RSSI OUTPUT versus RF INPUT 
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FIGURE 15 — S + N, N, AMR versus INPUT 
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•REFERENCE FIGURES 10, 11 & 12 



FIGURE 16 — MIXER INPUT IMPEDANCE versus FREQUENCY 

+ j50 
+ j25. 
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FIGURE 17 — MC3371P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz 
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FIGURE 18 — MC3371P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE 




Above PC Board is laid outfor tlie circuit in Figure 10. 
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FIGURE 19 — MC3372P PC BOARD COMPONENT VIEW WITH MATCHED INPUT AT 10.7 MHz 
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FIGURE 20 — MC3372P PC BOARD CIRCUIT OR SOLDER SIDE AS VIEWED THRU COMPONENT SIDE 




[•I SOLDER SIDE 

Above PC Board is laid out for the circuit in Figure 11. 
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Product Preview 

Quad EIA-422-A Line Receiver 

CMOS 

The MC34C86 is a quad differential line receiver designed for digital data 
transmission over balanced lines. The MC34C86 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC34C86 has an input sensitivity of 200 mV over the common mode input 
voltage range of ± 7 V. In addition, each receiver chain has internal hysteresis 
circuitry to improve noise margin and discourage output instability for slowly 
changing input waveforms. 

The MC34C86 is pin compatible with the MC3486. 

All pins are protected against damage due to electrostatic discharges. 

• Typical Power Supply Current: 6 mA 

• 2000-V ESD Protection on the Inputs and Outputs 

• Typical Propagation Delay: 1 8 ns 

• Typical Input Hysteresis: 75 mV 

• Meets the Requirements of Standard EIA-422-A 

• Operation from Single 5-V Supply 

• High-Impedance Mode for Outputs Connected to System Buses 

• TTUCMOS Compatible Outputs 






P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



D SUFFIX 

SOG PACKAGE 
CASE 751 B 



ORDERING INFORMATION 

MC34C86P Plastic DIP 
MC34C86D SOG Package 
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TRUTH TABLE 



Control Input 


Input 


Output 


L 


X 


Z 


H 


V|D>VTH(Max) 


1 


H 


V|D<VTH(Min) 





H 


Open 


1 



X = Don't Care 

Z = High Impedance 



H = High Logic State 
L = Low Logic State 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


7 


V 


Input Voltage 


V| 


±12 


V 


Input Differential Voltage 


VjD 


±14 


V 


Enable Control Input Voltage 


Vin 


Vcc + 0.5 


V 


Storage Temperature 


Tstg 


-65 to + 150 


°C 


Maximum Current per Output 


lO 


±25 


mA 


ESD (Human Body model) 




2000 


V 



OPERATING CONDITIONS 



Rating 


Symbol 


Min 


Max 


Unit 


Power Supply Voltage 


Vcc 


4.5 


5.5 


V 


Operating Temperature Range 


Ta 


-40 


+ 85 


°c 


Input Rise and Fall Time 


tr.tf 


- 


500 


ns 



DC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless othenwise stated) (See Note 1) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power Supply Current, Vcc = Max 


'CC 


- 


6 


12 


mA 


Enable Input Current, Vjn = Vcc o"" GND 


IL 


— 


- 


±1.0 


HA 


Input Voltage — Low Logic State (Enable Control) 


V|L 


— 


— 


0.8 


V 


Input Voltage — High Logic State (Enable Control) 


V|H 


2 


— 


- 


V 


Differential Input Voltage, - 7 V < Vlcm < 7 V Vout = Vqh 


Vth 


0.2 


— 


-0.2 


V 


Input Hysteresis, Vlcm = V 


Vhys 


— 


75 


— 


mV 


Comparator Input Current Vjn = + 1 V, Other Input = GND 

Vjn = - 10 V, Other Input = GND 


■in 


— 


1.4 
-2.5 


— 


mA 


Comparator Input Resistance, - 12 V < Vlcm < + 12 V 


Rin 


4 


4.8 


- 


kQ 


Output Voltage (Low Logic State) V|d = - 1 V, lout = 6 mA (Note 2) 


Vol 


— 


0.13 


0.33 


V 


Output Voltage (High Logic State) V|d = + 1 V, lout = - 6 mA (Note 2) 


VOH 


3.8 


4.8 


— 


V 


Output Leakage Current (High Logic State) Vout = Vcc or GND 


loz 


-5 


- 


5 


HA 



NOTES: 

1 . All currents into device pins are shown as positive, out of device pins are negative. All voltages referenced to ground unless otherwise noted. 

2. See EIA specifications EIA-422-A for exact test conditions. 
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AC CHARACTERISTICS (Vqc = 4.5 to 5.5 V, Ta = - 40 to + 85''C, unless otherwise stated) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Input to Output, Cl = 50 pF, VpiPF = 2.5 V 


tPLH 
tPHL 


— 


18 


30 


ns 


Skew= kpHL-tpLHi 


Skew 


- 


1 


- 


ns 


Propagation Delay Enable to Output 
Cl = 50 pF, Rl = 1000 a VqifF = 2.5 V 


tpLZ 
tpHZ 


— 


12 


— 


ns 


Propagation Delay Enable to Output 
CL = 50pF, RL=1000aVD|FF = 2.5V 


tpZL 
tpZH 


— 


14 


— 


ns 



AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 



TEST 
POINT 



OUTPUT - 



POINT Vcc 

fly — N— f — o^^o-^vw— I 



CL = 49pFlJl 



21 S1 RL = 2kQ 



;4.9kn 



S2 



Figure 1. Test Circuit 
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\l.3V 



S1 AND S2 CLOSED 
Figure 2. Propagation Delays 
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Figure 3. Enable and Disable Times 
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TYPICAL APPLICATIONS 
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Figure 4. Two-Wire Balanced Systems (EIA-422-A) 
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Product Preview 

Quad EIA-422-A Line Driver 

CMOS 

The MC34C87 is a quad differential line driver designed for digital data 
transmission over balanced lines. The MC34C87 meets all the requirements of 
standard EIA-422-A while retaining the low-power characteristics of CMOS. 

The MC34C87 accepts TTL or CMOS input levels and translates these to 
EIA-422-A output level. This part uses special output circuitry that enables the 
individual drivers to power down without loading down the bus. The MC34C87 also 
includes special circuitry which will set the outputs to a high impedance mode 
during power up or down, preventing spurious glitches. Each enable pin controls 
2 drivers. 

The MC34C87 is pin compatible with the MC3487. 

All pins are protected against damage due to electrostatic discharges. 

• Maximum Power Supply Current: 3 mA 

• 2000-V ESD Protection on the Inputs and the Outputs 

• TTLVCMOS Input Compatible 

• Typical Propagation Delay: 6 ns 

• Typical Output Skew: 1 ns 

• Meets Vo = 6.0 V (and Vq = - 0.25 V), Vqc = V, Iq < "100 ^^A Requirement 

• Operation from Single 5-V Supply 

• High-Impedance Mode for Outputs Connected to System Buses 
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CASE 751 B 


ORDERING INFORMATION 


MC34C87P 


Plastic DIP 


MC34C87D 


SOG Package 
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This document contains information on a new product under development. iVIotorola reserves the right to change or discontinue this product without notice. 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



TRUTH TABLE 



Control Input 


Input 


Non-Inverting 
Output 


Inverting 
Output 


L 


X 


Z 


Z 


H 


H 


H 


L 


H 


L 


L 


H 



X = Don't Care 

Z = High Impedance 



H = High Logic State 
L = Low Logic State 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


Vcc 


7 


V 


DC Input Voltage 


Vin 


-1.5 to Vcc + 1.5 


V 


DC Output Voltage* 


Vout 


-0.5 to Vcc + 0.5 


V 


DC Output Current, per Pin 


'out 


150 


mA 


DC Vcc or GND Current, per Pin 


'dd 


150 


mA 


Storage Temperature 


Tstg 


-65 to + 150 


°C 


Power Dissipation 


pd 


500 


mW 


ESD (Human Body model) 




2000 


V 



Power-on conditions. 



OPERATING CONDITIONS 



Rating 


Symbol 


MIn 


Max 


Unit 


Power Supply Voltage 


Vcc' 


4.5 


5.5 


V 


DC Input Voltage 


Vin 





Vcc 


V 


Operating Temperature Range 


Ta 


-40 


+ 85 


°c 


Input Rise and Fall Time 


tptf 


- 


500 


ns 


DC CHARACTERISTICS (Vcc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless othenwise stated) 


Parameter 


Symbol 


IVIin 


Typ 


Max 


Unit 


Input Voltage (Low Logic State) 


V|L 


- 


- 


0.8 


V 


Input Voltage (High Logic State) 


V|H 


2.0 


- 


— 


V 


Output Voltage (Low Logic State) Isink = 20 mA 


Vol 


— 


0.3 


0.5 


V 


Output Voltage (High Logic State) Isource = - 20 mA 


VOH 


2.5 


2.8 


— 


V 


Output Differential Voltage Rl = 100 n (Note 1) 


VOD 


2.0 


- 


— 


V 


Output Differential Voltage Difference Rl = 100 Q (Note 1) 


D(VoD) 


- 


- 


+ 0.4 


V 


Output Offset Voltage Rl = 100 Q (Note 1) 


vos 


- 


- 


3.0 


V 


Output Offset Voltage Difference Rl = 100 Q (Note 1) 


D(Vos) 


— 


— 


±0.4 


V 


Input Current Vjn = Vcc. GND, V|h or V|l 


lin 


- 


- 


±1.0 


^A 


Quiescent Supply Current lout = ^lA 


'cc 


- 


- 


3.0 


mA 


Output Short Circuit Current (Note 2) 


'OS 


-30 


-100 


-150 


mA 


Output Leakage Current (Hi-Z State) Vout = Vcc or GND 


'O(Z) 


- 


- 


±1.0 


^A 


Output Leakage Current (Power Off) Vout = 6 V 

Vout = - 0.25 V 


loxh 
'oxl 


— 


— 


100 
-100 


^A 



NOTES: 

1 . See EIA specifications El A-422-A for exact test conditions. 

2. Only one output may be shorted at a time. 
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AC CHARACTERISTICS (Vqc = 4.5 to 5.5 V, Ta = - 40 to + 85°C, unless otherwise stated) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Propagation Delay Input to Output (S1 Open) 


tPLH 
tPHL 


— 


6 


12 


ns 


Output Skew (Sr Open)* 


Skew 


- 


1.0 


4 


ns 


Differential Output 
Rise Time 
Fall Time {S1 Open) 


tTLH 
tTHL 


" 


4 


8 


ns 


Output Enable Time 
{S1 Closed) 


tpZH 
tpZL 


— 


16 
15 


— 


ns 


Output Disable Time 
{S1 Closed) 


tPHZ 
tPLZ 


— 


6 
9 


— 


ns 



*Skew: difference in propagation delays between complementary outputs. 



AC TEST CIRCUIT AND SWITCHING TIME WAVEFORMS 
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Figure 5. AC Test Circuit 
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Figure 6. Propagation Delays and Skew Waveforms 
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Figure 7. Enable and Disable Times 
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Figure 8. Differential Rise and Fall Times 



TYPICAL APPLICATIONS 
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Figure 9. Two-Wire Balanced Systems (EIA-422-A) 
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CONTINUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

Providing a simplified approach to digital speech encoding/ 
decoding, the MC3517/18 series of CVSDs is designed for military 
secure communication and commercial telephone applications. 
A single IC provides both encoding and decoding functions. 

• Encode and Decode Functions on the Same Chip with 

a Digitallnput for Selection 

• Utilization of Compatible I^L — Linear Bipolar Technology 

• CMOS Compatible Digital Output 

• Digital Input Threshold Selectable (Vcc/2 reference 

provided on chip) 

• MC341 7/MC351 7 has a 3-Bit Algorithm (General 

Communications) 

• MC3418/MC3518 has a 4-Bit Algorithm (Commercial Telephone) 



CVSD BLOCK DIAGRAM 



Analog Input , 

Analog Feedbacko^. 



Data Input ^^ 
Digital y2 




Vcc/2 
Output 



Analog Ref 

Output Input Inpi 

(+) (-) 



ter 



MC3417, IVIC3517 
IVIC3418, IVIC3518 



CONTINUOUSLY VARIABLE 

SLOPE DELTA 

MODULATOR/DEMODULATOR 

LASER-TRIMMED 
INTEGRATED CIRCUIT 



L SUFFIX 


P SUFFIX 


CERAMIC PACKAGE 


PLASTIC PACKAGE 


CASE 620 


CASE 648 




DW SUFFIX 


<#> 


PLASTIC PACKAGE 
CASE 751 G 




S0-16L 



PIN CONNECTIONS 


Analog 1 
Input 1 


(-) 


16 |vcC 


Analog! 
FRPrihark 1 


( + ) 


1 Encode/ 

^5 InfirnHP 


Syllabic I 
Filter 1 




14 [clock 


Gain 1 
Control 1 




1 Digital Data 
^^ 1 Input (-) 


Ref 1 

Inout ( + ) 1 ^ 

Filter 1 

Input (-)l ^ 




1 Digital 
'^ iThrfishold 


1 Coincidence 

■'' lOutDUt 


Analog 1 
Output 1 




10 rcc/2 

lOutput 


Vee| 8 




[Digital 
lOutput 









ORDERING INFORMATION 







Temperature 


Device 


Package 


Range 


MC3417L 


Ceramic DIP 


OX to +70°C 


MC3418DW 


Plastic SOIC 


0°Cto +70°C 


MC3418L 


Ceramic DIP 


OX to +70X 


MC3418P 


Plastic DIP 


OX to +70X 


MC3517L 


Ceramic DIP 


-55Xto +125X 


MC3518L 


Ceramic DIP 


-55Xto +125X 
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MAXIMUM RATINGS 

(All voltages referenced to V^e, T^ = 25°C unless otherwise noted.) 



Rating 


Synfibol 


Value 


Unit 


Power Supply Voltage 


vcc 


-0.4 to +18 


Vdc 


Differential Analog Input Voltage 


V|D 


±5.0 


Vdc 


Digital Threshold Voltage 


VJH 


-0.4 to Vcc 


Vdc 


Logic Input Voltage 


V Logic 


-0.4 to +18 


Vdc 


(Clock, Digital Data, Encode/Decode) 


Coincidence Output Voltage 


Vo(Con) 


-0.4 to +18 


Vdc 


Syllabic Filter Input Voltage 


V|(Syl) 


-0.4 to Vcc 


Vdc 


Gain Control Input Voltage 


V|(GC) 


-0.4 to Vcc 


Vdc 


Reference Input Voltage 


V|{Ref) 


Vcc/2 - 1 .0 to Vcc 


Vdc 


Vcc/2 Output Current 


'Ref 


-25 


mA 



ELECTRICAL CHARACTERISTICS 

(Vcc = 12 V, Vee = Gnd, Ta = 0°C to +70°C for MC3417/18, Taj 



-55°C to +125°C for MC3517/18 unless otherwise noted.) 



Characteristic 


Symbol 


MC3417/MC3517 


MC3418/MC3518 


Unit 


MIn 


Typ 


Max 


Min 


Typ 


Max 


Power Supply Voltage Range (Figure 1) 


VCCR 


4.75 


12 


16.5 


4.75 


12 


16.5 


Vdc 


Power Supply Current (Figure 1) 


Ice 














mA 


(@ Idle Channel) 


















(Vcc = 5.0 V, All except MC3418P,DW) 




— 


3.7 


5.0 


— 


3.7 


5.0 




(Vcc = 5.0 V, MC3418P,DW) 




— 


— 


— 


— 


3.7 


5.5 




(Vcc = 15 V, All except MC3418P,DW) 




— 


6.0 


10 


— 


6.0 


10 




(Vcc = 15 V, MC3418P,DW) 




— ^ 


— 


— 


— 


6.0 


11 




Gain Control Current Range (Figure 2) 


"GCR 


0.002 


— 


3.0 


0.002 


— 


3.0 


mA 


Analog Comparator Input Range 


V| 


1.3 


— 


Vcc -1-3 


1.3 


— 


Vcc -1-3 


Vdc 


(Pins 1 and 2) 


















(4.75 V^ Vcc < 16.5 V) 


















Analog Output Range (Pin 7) 


vo 


1.3 


— 


Vcc -1.3 


1.3 


— 


Vcc- 1.3 


Vdc 


(4.75 V ^ Vcc ^ 16.5 V, Iq = ±5.0 mA) 


















Input Bias Currents (Figure 3) 


l|B 














^x^ 


(Comparator in Active Region) 


















Analog Input (11) 




— 


0.5 


1.5 


— 


0.25 


1.0 




Analog Feedback (12) 




— 


0.5 


1.5 


— 


0.25 


1.0 




Syllabic Filter Input (13) 




— 


0.06 


0.5 


— 


0.06 


0.3 




Reference Input (15) 




— 


-0.06 


-0.5 


— 


-0.06 


-0.3 




Input Offset Current 


l|0 














fxA 


(Comparator in Active Region) 


















Analog Input/Analog Feedback 




— 


0.15 


0.6 


— 


0.05 


0.4 




111 -I2| — Figure 3 


















Integrator Amplifier 




— 


0.02 


0.2 


— 


0.01 


0.1 




|I5-I6| — Figure 4 


















Input Offset Voltage 


VjO 


_ 


2.0 


6.0 


— 


2.0 


6.0 


mV 


V/l Converter (Pins 3 and 4) — Figure 5 


















Transconductance 


gm 














mA/mV 


V/l Converter, to 3.0 mA 




0.1 


0.3 


— 


0.1 


0.3 


— 




Integrator Amplifier, to ±5.0 mA Load 




1.0 


10 


— 


1.0 


10 


— 




Propagation Delay Times (Note 1) 
















flS 


Clock Trigger to Digital Output 


tPLH 


— 


1.0 


2.5 


— 


1.0 


2.5 




(Cl = 25 pF to Gnd) 


tPHL 


— 


0.8 


2.5 


— 


0.8 


2.5 




Clock Trigger to Coincidence Output 


tPLH 


— 


1.0 


3.0 


— 


1.0 


3.0 




(Cl = 25 pF to Gnd) 


tPHL 


— 


0.8 


2.0 


— 


0.8 


2.0 




(Rl = 4.0 kfl to Vcc) 


















Coincidence Output Voltage — 


VOL(Con) 


— 


0.12 


0.25 


— 


0.12 


0.25 


Vdc 


Low Logic State 


















(lOL(Con) = 3.0 mA) 


















Coincidence Output Leakage Current — 


lOH(Con) 


— 


0.01 


0.5 


— 


0.01 


0.5 


AiA 


High Logic State 


















(VoH = 15 V, 0°C ^ Ta ^ 70°C) 



















NOTE 1. All propagation delay times measured 50% to 50% from the negative going (from VcQ to +0.4 V) edge of the clock. 
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ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


MC3417/MC3517 


MC3418/MC3518 


Unit 


Min 


Typ 


Max 


Min 


Typ 


Max 


Applied Digital Threshold Voltage Range 


Vth 


+ 1.2 


_ 


Vcc-2.0 


+ 1.2 


— 


Vcc -2.0 


Vdc 


(Pin 12) 


















Digital Threshold Input Current 


'l(th) 














/xA 


(1.2V^Vth^Vcc - 2.0 V) 


















(V||_ applied to Pins 13, 14 and 15) 




— 


— 


5.0 


— 


— 


5.0 




(V|H applied to Pins 13, 14 and 15) 




— 


-10 


-50 


— 


-10 


-50 




Maximum Jntegr.ator Amplifier 


lo 


±5.0 


— 


— 


±5.0 


— 


— 


mA 


Output Current 


















Vcc/2 Generator Maximum Output Current 


iRef 


+ 10 


— 


— 


+ 10 


— 


— 


mA 


(Source only) 


















Vcc/2 Generator Output Impedance 


zRef 


— 


3.0 


6.0 


— 


3.0 


6.0 


n 


(Oto +10 mA) 


















Vcc/2 Generator Tolerance 


er 





— 


±3.5 


— 


— 


±3.5 


% 


(4.75 V ^ Vcc ^ 16.5 V) 


















Logic Input Voltage (Pins 13, 14 and 15) 
















Vdc 


Low Logic State 


V|L 


Gnd 


— 


Vth -0.4 


Gnd 


— 


Vth -0.4 




High Logic State 


V|H 


Vth + 0.4 


— 


18 


Vth + 0.4 


— 


18 




Dynamic Total Loop Offset Voltage 


SVoffset 














mV 


(Note 2) — Figures 3, 4 and 5 


















IGC = 12M,Vcc = 12 V 


















Ta = 25°C (All except 3418P,DW) 




— 


— 


— 


— 


±0.5 


±1.5 




(MC3418P,DW) 




— 


— 


— 


— 


±0.5 


±3.0 




0°C ^ Ta ^ +70°C (MC3417/18L) 




— 


— 


— 


— 


±0.75 


±2.3 




(MC3418P,DW) 




— 


— 


— 


— 


±0.75 


±3.8 




-55°C ^ Ta ^ +125°C (MC3517/18) 




— 


— 


— 


— 


±1.5 


±4.0 




IGC = 33/.A,Vcc = 12 V 


















Ta = 25°C 




— 


±2.5 


±5.0 


— 


— 


— 




0°C ^ Ta ^ +70°C (MC3417/18) 




— 


±3.0 


±7.5 


— 


— 


— 




-55°C < Ta ^ +125°C (MC3517/18) 




— 


±4.5 


±10 


— 


— 


— 




IGC = 12)LtA,Vcc = 5.0 V 


















Ta = 25°C (All except MC3418P,DW) 




— 


— 


— 


— 


±1.0 


±2.0 




(MC3418P,DW) 




— 


— 


— 


— 


±1.0 


±3.5 




0°C ^ Ta ^ +70°C (MC3417/18L) 




— 


— 


— 


— 


±1.3 


±2.8 




(MC3418P,DW) 




— 


— 


— 


— 


±1.3 


±4.3 




-55°C ^ Ta ^ +125°C (MC3517/18) 




— 


— 


— 


— 


±2.5 


±5.0 




IGC = 33 Ilk, \Jq,q = 5.0 V 


















Ta = 25°C 




— 


±4.0 


±6.0 


— 


— 


— 




0°C ^ Ta ^ +70°C (MC3417/18) 




— 


±4.5 


±8.0 


— 


— 


— 




-55°C ^ Ta ^ +125°C (MC3517/18) 




— 


±5.5 


±10 


— 


— 


— 




Digital Output Voltage 
















Vdc 


dOL = 3.6 mA) 


Vol 


— 


0.1 


0.4 


— 


0.1 


0.4 




dOH = -0.35 mA) 


VOH 


Vcc-1-0 


Vcc-0.2 


— 


Vcc -10 


Vcc-0.2 


— 




Syllabic Filter Applied Voltage (Pin 3) 


V|(Syl) 


+ 3.2 


— 


vcc 


+ 3.2 


— 


Vcc 


Vdc 


(Figure 2) 


















Integrating Current (Figure 2) 


IllntI 
















(IGC = 12 /^A) 




8.0 


10 


12 


8.0 


10 


12 


mA 


(Iqc = 1-5 mA) (All except 3418P,DW) 




1.45 


1.5 


1.55 


1.45 


1.5 


1.55 


mA 


(MC3418P,DW) 




— 


— 


— 


1.42 


1.5 


1.58 


mA 


(Igc = 3.0 mA) 




2.75 


3.0 


3.25 


2.75 


3.0 


3.25 


mA 


Dynamic Integrating Current Match 


VO(Ave) 














mV 


(Igc = 1-5 mA) Figure 6 


















(All except MC3418P,DW) 




— 


±100 


±250 


— 


±100 


±250 




(MC3418P,DW) 




— 


— 


— 


— 


±100 


±280 




Input Current — High Logic State 


l|H 














/.A 


(V|H = 18 V) 


















Digital Data Input 




— 


— 


+ 5.0 


— 


— 


+ 5.0 




Clock Input 




— 


— 


+ 5.0 


— 


— 


+ 5.0 




Encode/Decode Input 




— 


— 


+ 5.0 


— 


— 


+ 5.0 




Input Current — Low Logic State 


l|L 














txA 


(V|L = V) 


















Digital Data Input 




— 


— 


-10 


— 


— 


-10 




Clock Input 




— 


— 


-360 


— 


— 


-360 




Encode/Decode Input 




— 


— 


-36 


— 


— 


-36 




Clock Input, V|L = 0.4 V 




— 


— 


-72 


— 


— 


-72 





NOTE 2. Dynamic total loop offset (SVoffset) equals V|o (comparator) (Figure 3) minus V|ox (Figure 5). The input offset voltages of the analog comparator 
and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch current mismatch 
appears as an average voltage across the 10 k integrator resistor. For the MC3417/MC3517, the clock frequency is 16 kHz. For the MC3418/ 
MC3518, the clock frequency is 32 kHz. Idle channel performance is guaranteed if this dynamic total loop offset is less than one-half of the 
change in integrator output voltage during one clock cycle (ramp step size). Laser trimming is used to insure good idle channel performance. 
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DEFINITIONS AND FUNCTION OF PINS 



Pin 1 — Analog Input 

This is the analog comparator inverting input where 
the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to 
be level shifted to the internal reference voltage, then 
a bias resistor between Pins 1 and 10 is used. The resis- 
tor is used to establish the reference as the new dc 
average of the ac coupled signal. The analog compar- 
ator was designed for low hysteresis (typically less than 
0.1 mV) and high gain (typically 70 dB). 

Pin 2 — Analog Feedback 

This Is the noninverting input to the analog signal 
comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be Pin 7 or a low pass filter output 
connected to Pin 7. In a decode circuit Pin 2 is not used 
and may be tied to Vcc/2 on Pin 10, ground or left open. 

The analog input comparator has bias currents of 
1 .5 fiA max, thus the driving impedances of Pins 1 and 
2 should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 

Pin 3 ^ Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between Pins 1 1 and 3. Typ- 
ical time constant values of 6.0 ms to 50 ms are used 
in voice codecs. 

Pin 4 — Gain Control Input 

The syllabic filter voltage appears across 0$ of the 
syllabic filter and is the voltage between Vqq and 
Pin 3. The active voltage to current (V-l) converter 
drives Pin 4 to the same voltage at a slew rate of 
typically 0.5 V//as. Thus the current injected into Pin 4 
(\qc) is the syllabic filter voltage divided by the Rx 
resistance. Figure 7 shows the relationship between 
\qq (x-axis) and the integrating current, l|nt (y-axis). 
The discrepancy, which is most significant at very low 
currents, is due to circuitry within the slope polarity 
switch which enables trimming to a low total loop 
offset. The Rx resistor is then varied to adjust the loop 
gain of the codec, but should be no larger than 5.0 kfl 
to maintain stability. 

Pin 5 — Reference Input 

This pin is the noninverting input of the integrator 
amplifier. It is used to reference the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as Pin 1 and is tied to Pin 10. 

Pin 6 — Filter Input 

This inverting op amp input is used to connect the 
integrator external components. The integrating cur- 
rent (l|nt) flows into Pin 6 when the analog input (Pin 1 ) 
is high with respect to the analog feedback (Pin 2) in 



the encode mode or when the digital data input 
(Pin 13) is high in the decode mode. For the opposite 
states, l|nt flows out of Pin 6. Single integration sys- 
tems require a capacitor and resistor between Pins 6 
and 7. Multipole configurations will have different cir- 
cuitry. The resistance between Pins 6 and 7 should 
always be between 8.0 kCl and 13 kO to maintain good 
idle channel characteristics. 

Pin 7 — Analog Output 

This is the integrator op amp output. It is capable 
of driving a 600-ohm load referenced to Vcc/2 to 
+ 6.0 dBm and can otherwise be treated as an op amp 
output. Pins 5, 6, and 7 provide full access to the inte- 
grator op amp for designing Integration filter net- 
works. The slew rate of the internally compensated 
Integrator op amp is typically 0.5 V//u,s. Pin 7 output 
is current limited for both polarities of current flow at 
typically 30 mA. 

Pin 8 — Vee 

The circuit is designed to work in either single or dual 
power supply applications. Pin 8 is always connected 
to the most negative supply. 

Pin 9 — Digital Output 

The digital output provides the results of the delta 
modulator's conversion. It swings between Vqc and 
Vee and is CMOS or TTL compatible. Pin 9 is Inverting 
with respect to Pin 1 and non-inverting with respect to 
Pin 2. It is clocked on the falling edge of Pin 14. The 
typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for Vqc = 12 V and C|_ = 25 pF to 
ground. 

Pin 10 — Vcc/2 Output 

An Internal low impedance mid-supply reference is 
provided for use of the MC3417/18 in single supply 
applications. The internal regulator is a current source 
and must be loaded with a resistor to insure its sinking 
capability. If a +6.0 dBmo signal Is expected across 
a 600 ohm input bias resistor, then Pin 10 must sink 
2.2 V/600 a = 3.66 mA. This is only possible if Pin 10 
sources 3.66 mA into a resistor normally and will 
source only the difference under peak load. The ref- 
erence load resistor is chosen accordingly. A 0.1 jjlF 
bypass capacitor from Pin 10 to Vee 's a'so recom- 
mended. The Vcc/2 reference is capable of sourcing 
10 mA and can be used as a reference elsewhere in 
the system circuitry. 



Pin 11 — Coincidence Output 

The duty cycle of this pin is proportional to the voltage 
across Cs- The coincidence output will be low whenever 
the content of the Internal shift register is all Is or all 
Os. In the MC3417 the register is 3 bits long while the 
MC3418 contains a 4 bit register. Pin 11 is an open col- 
lector of an NPN device and requires a pull-up resistor. 
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If the syllabic filter is to have equal charge and discharge 
time constants, the value of Rp should be much less 
than Rs- In systems requiring different charge and dis- 
charge constants, the charging constant is RsCs while 
the decaying constant is (Rs + Rp)Cs. Thus longer 
decays are easily achievable. The NPN device should 
not be required to sink more than 3.0 mA in any con- 
figuration. The typical 10% to 90% rise and fall times 
are 200 ns and 100 ns respectively for Rl = 4.0 kfl to 
+ 12 V and Cl = 25 pF to ground. 

Pin 12 — Digital Threshold 

This input sets the switching threshold for Pins 13, 
14, and 15. It is intended to aid in interfacing different 
logic families without external parts. Often it is con- 
nected to the Vcc/2 reference for CMOS interface or can 
be biased two diode drops above V^e for TTL interface. 

Pin 13 — Digital Data Input 

In a decode application, the digital data stream is 
applied to Pin 13. In an encoder it may be unused or 
may be used to transmit signaling message under the 
control of Pin 15. It is an inverting input with respect to 
Pin 9. When Pins 9 and 13 are connected, a toggle flip- 
flop is formed and a forced idle channel pattern can be 
transmitted. The digital data input level should be main- 



tained for 0.5 fis before and after the clock trigger for 
proper clocking. 

Pin 14 — Clock Input 

The clock input determines the data rate of the 
codec circuit. A 32K bit rate requires a 32 kHz clock. 
The switching threshold of the clock input is set by 
Pin 12. The shift register circuit toggles on the falling 
edge of the clock input. The minimum width for a 
positive-going pulse on the clock input is 300 ns, 
whereas for a negative-going pulse, it is 900 ns. 



Pin 15 — Encode/Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the 
internal shift register. If high, the result of the analog 
comparison will be clocked into the register on the fall- 
ing edge at Pin 14. If low, the digital input state will be 
entered. This allows use of the IC as an encoder/decoder 
or simplex codec without external parts. Furthermore, 
it allows non-voice patterns to be forced onto the trans- 
mission line through Pin 13 in an encoder. 

Pin 16 — Vcc 

The power supply range is from 4.75 to 16.5 volts 
between Pin Vcc ^^^ ^ee. 



FIGURE 1 - POWER SUPPLY CURRENT 
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FIGURE 2 - IqcR' GAIN CONTROL RANGE and 
l|nt - INTEGRATING CURRENT 
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Note: Digital Output = Digital Data Input 

*For static testing, the clock is only necessary for 
preconditioning to obtain proper state for a given input. 
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FIGURES- INPUT BIAS CURRENTS, ANALOG 
COMPARATOR OFFSET VOLTAGE AND CURRENT 
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Note: The analog comparator offset voltage is tested 
under dynamic conditions and tlierefore must 
be measured with appropriate filtering. 



FIGURE 4 - INTEGRATOR AMPLIFIER OFFSET 
VOLTAGE AND CURRENT 
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FIGURE 5 - V/l CONVERTER OFFSET VOLTAGE, 
Vioand V|ox 



*32 kHz MC3418/MC3518 
16 kHz MC3417/MC3517 




Note: V|ox 's the average voltage of the triangular 
waveform observed at the measurement points. 



FIGURE 6 - DYNAMIC INTEGRATING CURRENT MATCH 
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Notes; 1 . Vo(aV)' Dynamic Integrating Current Match, is the average 
voltage of the triangular waveform observed at the mea- 
surement points, across 10 kfi resistor with Iqc = 1-5 mA. 
2. See Note 2 of the Electrical Characteristics, Page 3. 
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TYPICAL PERFORMANCE CURVES 



FIGURE 7 - TYPICAL l|nt versus Iqc (Mean ± 2a) 
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FIGURE 8 - NORMALIZED DYNAMIC 
INTEGRATING CURRENT MATCH versus Vqc 
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FIGURE 9 - NORMALIZED DYNAMIC INTEGRATING 
CURRENT MATCH versus CLOCK FREQUENCY 



FIGURE 10 - DYNAMIC TOTAL LOOP 
OFFSET versus CLOCK FREQUENCY 
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FIGURE 11 - BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 - CVSD WAVEFORMS 




FIGURE 13 - BLOCK DIAGRAM OF THE CVSD DECODER 
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FIGURE 14 - 16 kHz SIMPLEX VOICE CODEC 
(Using MC3417, Single Pole Companding and Single Integration) 
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CIRCUIT DESCRIPTION 



The continuously variable slope delta modulator 
(CVSD) is a simple alternative to more complex conven- 
tional conversion techniques in systems requiring digital 
communication of analog signals. The human voice is 
analog, but digital transmission of any signal over great 
distance is attractive. Signal/noise ratios do not vary with 
distance in digital transmission and multiplexing, 
switching and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con- 
verters do not meet the communications requirements. 
The CVSD A to D is well suited to the requirements of 
digital communications and is an economically efficient 
means of digitizing analog inputs for transmission. 

The Delta Modulator 

The innermost control loop of a CVSD converter is 
a simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in 
the feedback path of a simple control loop. The inputs 
to the comparator are the input analog signal and the 
integrator output. The comparator output reflects the 



sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce 
a synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, 
received, and delivered to a similar integrator at a remote 
point, the remote integrator output is a copy of the 
transmitting control loop integrator output. To the 
extent that the integrator at the transmitting locations 
tracks the input signal, the remote receiver reproduces 
the input signal. Low pass filtering at the receiver output 
will eliminate most of the quantizing noise, if the clock 
rate of the bit stream is an octave or more above the 
bandwidth of the input signal. Voice bandwidth is 4 kHz 
and clock rates from 8 k and up are possible. Thus the 
delta modulator digitizes and transmits the analog input 
to a remote receiver. The serial, unframed nature of the 
data is ideal for communications networks. With no 
input at the transmitter, a continuous one zero alternation 
Is transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays to 
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CIRCUIT DESCRIPTION (continued) 



zero and receive restart begins without framing when the 
receiver reacquires. Similarly a delta modulator is tolerant 
of sporadic bit errors. Figure 12 shows the delta modu- 
lator waveforms while Figure 13 shows the corresponding 
CVSD decoder block diagram. 

The Companding Algorithm 

The fundamental advantages of the delta modulator 
are its simplicity and the serial format of its output. 
Its limitations are its ability to accurately convert the 
input within a limited digital bit rate. The analog input 
must be band limited and amplitude limited. The fre- 
quency limitations are governed by the nyquist rate while 
the amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is, for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will trans- 
mit the signal with a specific noise level. However, the 
amplitude limits are bounded on both upper and lower 
ends. For a signal level, one specific gain will achieve an 
optimum noise level. Unfortunately, the basic delta 
modulator has a small dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input 
bandwidth the additional circuitry increases the delta 
modulator's dynamic range. External to the basic 
delta modulator is an algorithm which monitors the 
past few outputs of the delta modulator in a simple 
shift register. The register is 3 or 4 bits long depending on 
the application. The accepted GVSD algorithm simply 
monitors the contents of the shift register and indicates 



if it contains all Is or Os. This condition is called coinci- 
dence. When it occurs, it indicates that the gain of the 
integrator is too small. The coincidence output charges 
a single pole low pass filter. The voltage output of this 
syllabic filter controls the integrator gain through a pulse 
amplitude modulator whose other input is the sign bit 
or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo- 
rithms using the shift register have been tried. The key to 
the accepted algorithm is that it provides a measure of 
the average power or level of the input signal. Other 
• techniques provide more instantaneous information 
about the shape of the input curve. The purpose of 
the algorithm is to control the gain of the integrator 
and to increase the dynamic range. Thus a measure of 
the average input level is what is needed. 

The algorithm is repeated in the receiver and thus 
the level data is recovered in the receiver. Because the 
algorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the channel 
bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will reflect 
the shape of the input signal but all of the output will 
be at an equal level. Thus the algorithm at the output is 
needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta modu- 
lator^with a constant level Input. 

The delta modulator encoder with the CVSD algorithm 
provides an efficient method for digitizing a voice input 
in a manner which is especially convenient for digital 
communciations requirements. 



APPLICATIONS INFORMATION 
CVSD DESIGN CONSIDERATIONS 



A simple CVSD encoder using the MC3417 or MC3418 
is shown in Figure 14. These ICs are general purpose 
CVSD building blocks which allow the system designer 
to tailor the encoder's transmission characteristics to 
the application. Thus, the achievable transmission capa- 
bilities are constrained by the fundamental limitations 
of delta modulation and the design of encoder param- 
eters. The performance is not dictated by the internal 
configuration of the MC3417 and MC3418. There are 
seven design considerations Involved in designing 
these basic CVSD building blocks into a specific codec 
application, and they are as follows: 

1. Selection of clock rate 



2. Required number of shift register bits 

3. Selection of loop gain 

4. Selection of minimum step size 

5. Design of integration filter transfer function 

6. Design of syllabic filter transfer function 

7. Design of low pass filter at the receiver 

The circuit in Figure 14 is the most basic CVSD circuit 
possible. For many applications in secure radio or other 
intelligible voice channel requirements, it is entirely 
sufficient. In this circuit, items 5 and 6 are reduced to 
their simplest form. The syllabic and integration filters 
are both single pole networks. The selection of items 
1 through 4 govern the codec performance. 
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CVSD CIRCUIT SCHEMATIC 
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CVSD DESIGN CONSIDERATIONS (continued) 



Layout Considerations 

Care should be exercised to isolate all digital signal 
paths (Pins 9, 11, 13, and 14) from analog signal paths 
(Pins 1-7 and 10) in order to achieve proper idle channel 
performance. 

Clock Rate 

With minor modifications the circuit in Figure 14 
may be operated anywhere from 9.6 kHz to 64 kHz 
clock rates. Obviously the higher the clock rate the higher 
the S/N performance. The circuit in Figure 14 typically 
produces the S/N performance shown in Figure 15. 
The selection of clock rate is usually dictated by the 
bandwidth of the transmission medium. Voice band- 
width systems will require no higher than 9600 Hz. 
Some radio systems will allow 12 kHz. Private 4-wire 
telephone systems are often operated at 16 kHz and 
commercial telephone performance can be achieved 
at 32K bits and above. Other codecs may use bit rates 
up to 200K bits/sec. 

FIGURE 15 - SIGNAL-TO-NOISE PERFORMANCE 

OF MC3417 WITH SINGLE INTEGRATION, SINGLE-POLE 

AND COMPANDING AT 16K BITS - TYPICAL 
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Shift Register Length (Algorithm) 

The IV1C3417 has a three-bit algorithm and the MC3418 
has a four-bit algorithm. For clock rates of 16 kHz and 
below, the 3-bit algorithm is well suited. For 32 kHz 
and higher clock rates, the 4-bit system is preferred. 
Since the algorithm records a fixed past history of the 
input signal, a longer shift register is required to obtain 
the same internal hsitory. At 16 bits and below, the 
4-bit algorithm will produce a slightly wider dynamic 
range at the expense of level change response. Basically 
the MC3417 is designed for low bit rate systems and the 
MC3418 is intended for high performance, high bit rate 
system. At bit rates above 64K bits either part will 
work well. 



Selection of Loop Gain 

The gain of the circuit in Figure 14 is set by resistor 
Rx- Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 
is the active low duty cycle of the coincidence output on 
Pin 1 1 of the codec circuit. Thus the system gain is depen- 
dent on: 

1. The maximum level and frequency of the input 
signal. 

2. The transfer function of the integration filter. 

For voice codecs the typical input signal is taken to be 
a sine wave at 1 kHz of dBmo level. In practice, the 
useful dynamic range extends about 6 dB above the design 
level. In any system the companding ratio should not 
exceed 30%. 

To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz is used. 



Ri 


= lOkaCi = 0.1 AtF 


Vo 


1 _ K 


ij 


C(S + 1/RC) S + cOo 




coo = 27rf 




103 = 6j)o = 27rf 




f= 159.2 Hz 



Note that the integration. filter produces a single-pole 
response from 300 to 3 kHz. The current required to 
move the integrator output a specific voltage from zero 
is simply: 






Now a dBmo sine wave has a peak value of 1.0954 
volts. In 1/8 of a cycle of a sine wave centered around 
the zero crossing, the sine wave changes by approximately 
its peak value. The CVSD step should trace that change. 
The required current for a dBm 1 kHz sine wave is: 

^^^^N^^aii£Eai)= 0.935 mA 
' *2(10kl2) 0.125 ms 

*The maximum voltage across Ri when maxinnum 
slew is required is: 

1.1 V 
2 

Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 

A similar procedure can be followed to establish the 
proper gain for any input level and integration filter type. 
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CVSD DESIGN CONSIDERATIONS (continued) 



Minimum Step Size 

The final parameter to be selected for the simple codec 
in Figure 14 is idle channel step size. With no input signal, 
the digital output becomes a one-zero alternating pattern 
and the analog output becomes a small triangle wave. 
IVIismatches of internal currents and offsets limit the 
minimum step size which will produce a perfect idle 
channel pattern. The MC3417 is tested to ensure that 
a 20 mVp-p minimum step size at 16 kHz will attain a 
proper idle channel. The idle channel step size must be 
twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mV) can produce quiet 
performance without providing a 1 -0 pattern. 

To set the idle channel step size, the value of Rmin 
must be selected. With no input signal, the slope control 
algorithm is inactive. A long series of ones or zeros never 
occurs. Thus, the voltage across the syllabic filter capaci- 
tor (Cs) would decay to zero. However, the voltage 
divider of Rs and Rpnin (see Figure 14) sets the minimum 
allowed voltage across the syllabic filter capacitor. That 
voltage must produce the desired ramps at the analog 
output. Again we write the filter input current equation: 

' R-i dt 



li 



- = 33 jLiA 



For values of Vq near Vcc/2 the Vq/R term is negli- 
gible; thus 

where AT is the clock period and AVq is the desired 
peak-to-peak value of the idle output. For a 16K-bit 
system using the circuit in Figure 14 

0.1 juF 20 mV . 
62.5 Ats 

The voltage on Cs which produces a 33 juA current is 
determined by the value of Rx- 

IjRx = Vsmin;for 33/iA, Vsmin = 41.6 mV 

In Figure 14 Rs is 18 k^. That selection is discussed 
with the syllabic filter considerations. The voltage divider 
of Rs and Rmin nnust produce an output of 41.6 mV. 

Rs 



vcc 



Rs + Rn 



= VSn 



Rmin- 2.4 M^ 



Having established these four parameters — clock rate, 
number of shift register bits, loop gain and minimum 
step size — the encoder circuit in Figure 14 will function 
at near optimum performance for input levels around 
OdBm. 



INCREASING CVSD PERFORMANCE 



Integration Filter Design 

The circuit in Figure 14 uses a single-pole integration 
network formed with a 0.1 juF capacitor and a 10 kQ 
resistor. It is possible to improve the performance of the 
circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the 1/S voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. In other com- 
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greater the noise improvement. Then, 
to ensure the encoder loop stability, a zero is added to 
keep the phase shift less than 180°. This zero should 
be placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz 
is typical for telephone applications while 160 Hz, 
1.2 kHz and 2.8 kHz might be used in voice only channels. 
(Voice only channels can use an output low-pass filter 
which breaks at about 2.5 kHz.) The two-pole network 
in Figure 16 has a transfer function of: 
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FIGURE 16 - IMPROVED FILTER CONFIGURATION 
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These component values are for the telephone channel circuit poles described in 
the text. The R2, C2 product can be provided with different values of R and C. R2 
should be chosen to be equal to the termination resistor on Pin 1. 
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INCREASING CVSD PERFORMANCE (continued) 



Thus the two poles and the zero can be selected arbitrarily 
as long as the zero is at a higher frequency than the first 
pole. The values in Figure 16 represent one implementa- 
tion of the telephony filter requirement. 

The selection of the two-pole filter network effects 
the selection of the loop gain value and the minimum step 
size resistor. The required integrator current for a given 
change in voltage now becomes: 



-^4 

Ro \ 



R2C2^RlCl^^^ 



R2C2C1 + 



RO Ro "7 AT 

RlClR2C2\AVo2 



Ro 



AT2 



The calculation of desired gain resistor Rx then proceeds 
exactly as previously described. 

Syllabic Filter Design 

The syllabic filter in Figure 14 is a simple single-pole 
network of 18 k^ and 0.33 (JlF. This produces a 6.0 ms 
time constant for the averaging of the coincidence output 
signal. The voltage across the capacitor determines the 
integrator current which in turn establishes the step size. 
The integrator current and the resulting step size deter- 
mine the companding ratio and the S/N performance. 
The companding ratio is defined as the voltage across 

cs/vcc- 

The S/N perfornnance may be innproved by modifying 
the voltage to current transformation produced by Rx- 
If different portions of the total Rx are shunted by diodes, 
the integrator current can be other than (Vcc-Vs)/Rx- 
These breakpoint curves must be designed experimen- 
tally for the particular system application. In general, 
one would wish that the current would double with 
input level. To design the desired curve, supply current 
to Pin 4 of the codec from an external source. Input a 
signal level and adjust the current until the S/N perfor- 



mance is optimum. Then record the syllabic filter volt- 
age and the current. Repeat this for all desired signal 
levels. Then derive the resistor diode network which 
produces that curve on a curve tracer. 

Once the network is designed with the curve tracer, 
it is then inserted in place of Rx in the circuit and the 
forced optimum noise performance will be achieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dynamic 
range of any codec. In the past they have been used in 
high performance telephone codecs. 

Typical resistor-diode networks are shown in Figure 17. 

FIGURE 17 - RESISTOR-DIODE NETWORKS 



R1 
I — W^ 



-MHf 



R2 

-vs/v- 



R3 



If the performance of more complex diode networks 
is desired, the circuit in Figure 18 should be used. It 
simulates the companding characteristics of nonlinear 
Rx elements in a different manner. 

Output Low Pass Filter 

A low pass filter is required at the receiving circuit 
output to eliminate quantizing noise. In general, the lower 
the bit rate, the better the filter must be. The filter in 
Figure 20 provides excellent performance for 12 kHz 
to 40 kHz systems. 



TELEPHONE CARRIER QUALITY CODEC USING MC3418 



Two specifications of the integrated circuit are speci- 
fically intended to meet the performance requirements 
of commercial telephone systems. First, slope polarity 
switch current matching is laser trimmed to guarantee 
proper idle channel performance with 5 mV minimum 
step size and a typical 1% current match from 15 juA 
to 3 mA. Thus a 300 to 1 range of step size variation is 
possible. Second, the MC3418 provides the four-bit 
algorithm currently used in subscriber loop telephone 
systems. With these specifications and the circuit of Fig- 
ure 18, a telephone quality codec can be mass produced. 



The circuit in Figure 18 provides a 30 dB S/Nc ratio 
over 50 dB of dynamic range for a 1 kHz test tone at 
a 37. 7K bit rate. At 37. 7K bits, 40 voice channels may 
be multiplexed on a standard 1.544 megabit T1 facility. 
This codec has also been tested for 10~7 error rates with 
asynchronous and synchronous data up to 2400 baud 
and for reliable performance with DTMF signaling. Thus, 
the design is applicable in telephone quality subscriber 
loop carrier systems, subscriber loop concentrators and 
small PABX installations. 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 



The Active Companding Network 

The unique feature of the codec in Figure 18 is the 
step size control circuit which uses a companding ratio 
reference, the present step size, and the present syllabic 
filter output to establish the optimum companding 
ratios and step sizes for any given input level. The com- 
panding ratio of a CVSD codec is defined as the duty 
cycle of the coincidence output. It is the parameter mea- 
sured by the syllabic filter and is the voltage across Cs 
divided by the voltage swing of the coincidence output. 
In Figure 18, the voltage swing of Pin 11 is 6.0 volts. 
The operating companding ratio is analoged by the volt- 
age between Pins 10 and 4 by means of the virtual short 
across Pins 3 and 4 of the V to I op amp within the 
integrated circuit. Thus, the instantaneous companding 
ratio of the codec is always available at the negative 
input of A1. 

The diode D1 and the gain of A1 and A2 provide a 
companding ratio reference for any input level. If the 
output of A2 is more than 0.7 volts below Vcc/2, then 
the positive input of A1 is (Vcc/2 - 0.7). The on diode 
drop at the input of A1 represents a 12% companding 
ratio (12% = 0.7 V/6.0 V). 

The present step size of the operating codec is directly 
related to the voltage across Rx, which established the 



integrator current. In Figure 18, the voltage across Rx 
is amplified by the differential amplifier A2 whose out- 
put is single ended with respect to Pin 10 of the IC. 

For large signal inputs, the step size is large and the 
output of A2 is lower than 0.7 volts. Thus D1 is fully on. 
The present step size is not a factor in the step size 
control. However, the difference between 12% com- 
panding ratio and the instantaneous companding ratio 
at Pin 4 is amplified by A1. The output of A1 changes 
the voltage across Rx in a direction which reduces the 
difference between the companding reference and the 
operating ratio by changing the step size. The ratio of 
R4 and R3 determines how closely the voltage at Pin 4 
will be forced to 12%. The selection of R3 and R4 is 
initially experimental. However, the resulting compand- 
ing control is dependent on Rx, R3, R4, and the full diode 
drop D1 . These values are easy to reproduce from codec 
to codec. 

For small input levels, the companding ratio reference 
becomes the output of A2 rather than the diode drop. 
The operating companding ratio on Pin 4 is then com- 
pared to a companding ratio smaller than 12% which is 
determined by the voltage drop across Rx and the gain 
of A2 and A1. The gain of A2 is also experimentally 
determined, but once determined, the circuitry is easily 



FIGURE 18 - TELEPHONE QUALITY DELTAMOD CODER 
(Both double integration and active companding control are used to obtain improved CVSD performance. 
Laser trimming of the integrated circuit provides reliable idle channel and step size range characteristics.) 
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TELEPHONE CARRIER QUALITY CODEC USING MC3418 (continued) 



FIGURE 19 - SIGNAL-TO-NOISE PERFORMANCE 

AND FREQUENCY RESPONSE 

(Showing the improvement realized with 

the circuit in Figure 18.) 

a. SIGNAL-TO-NOISE PERFORMANCE OF TELEPHONY 
QUALITY DELTAMODULATOR 
35 




-36 -24 -12 

INPUT LEVEL IN dBmO 
b. FREQUENCY RESPONSE versus INPUT LEVEL 
(SLOPE OVERLOAD CHARACTERISTIC) 



0" 
-10- 
-20- 
-30- 
-40- 
-50 
-60" 



f 



OdBm INPUT 



— lOdBm INPUT 



— 20dBnn INPUT 



4 BIT ALGORITHM 
37.7 K BITS 




repeated. 

With no input signal, the companding ratio at Pin 4 
goes to zero and the voltage across Rx goes to zero. 
The voltage at the output of A2 becomes zero since 
there is no drop across Rx- With no signal Input, the 
actively controlled step size vanished. 

The minimum step size is established by the 500 k 
resistor between Vqc 3"d Vcc/2 and is therefore inde- 
pendently selectable. 

The signal to noise results of the active companding 
network are shown in Figure 19. A smooth 2 dB drop is 
realized from +12 dBm to -24 under the control of A1. 
At -24 dBm, A2 begins to degenerate the companding 
reference and the resulting step size is reduced so as to 
extend the dynamic range of the codec by 20 dBm. 

The slope overload characteristic is also shown. The 
active companding network produces improved perfor- 
mance with frequency. The dBm slope overload point is 
raised to 4.8 kHz because of the gain available in control- 
ling the voltage across Rx- The curves demonstrate that 
the level linearity has been maintained or improved,* 

The codec in Figure 18 is designed specifically for 
37.7 K bit systems. However, the benefits of the active 
companding network are not limited to high bit rate 
systems. By modifying the crossover region (changing 
the gain of A2), the active technique may be used to 
improve the performance of lower bit rate systems. 

The performance and repeatability of the codec in 
Figure 18 represents a significant step forward in the art 
and cost of CVSD codec designs. 



*A larger value for 02 is required in the decoder circuit 
than in the encoder to adjust the level linearity with 
frequency. In Figure 18, 0.050 /xF would work well. 



2 kHz 4 kHz 6 kHz 8 kHz 10 kHz 

INPUT FREQUENCY IN Hz 



FIGURE 20 - HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 
CI 




* 247 k Designed for 0.28 dB ripple in the pass band 

u>n = 3 kHz 
u)s = S6 kHz 
AdB at cUc and above 29.5 dB 
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FIGURE 21 - FULL DUPLEX/32K BIT CVSD VOICE CODEC USING MC3517/18 AND MC3503/6 OP AMP 



Digital Output 
O 



Analog Input O— jl 




Digital Input 
O 



Codec Components 

Rxi. RX2- 3.3 kn 
Rpi- RP2 ~ 3.3 kr2 

^s^^ '^S2 ~ 100 ^^ 

R|1, R|2 - 20 kn 

Rl2 - I kn 

P^MI' RM2 -5 Mi7 (MC3417) 

Minimum step size = 20 mV 
RmI' Rm2 - IS ivrn (MC3418) 

Minimum step size = 6 mV 



Input Filter Specifications 

12 dB/Octave Rolloff above 3.3 kHz 
6 dB/Octave Rolloff below 50 Hz 

Output Filter Specifications 

Break Frequency — 3.3 kHz 
Stop Band — 9 kHz 
Stop Band Atten. - 50 dB 
Rolloff - > 40 dB/Octave 



^81. Cs2 
C|1, C|2 - 



- 0.05 mF 
0.05 /iF 



2 MC3417 (or MC3418) 
1 MC3403 (or MC3406) 

Note: All Res. 5% 
All Cap. 5% 



Filter Components 

R1 - 965 n 
R2 - 72 kn 
R3 - 72 ki^ 
R4 - 63.46 k^ 
R5 - 127 kO 
R6 - 365.5 kn 
R7 - 1.645 Mn 
R8 - 72 kn 
R9 - 72 kn 
RIO - 29.5 kn 
R11 - 72 kn 

Note: All Res. 0.1% to 1%. 
All Cap. 1.0% 



CI - 3.3 mF 
C2 - 837 pF 
C3 - 536 pF 
C4 - 1000 pF 
C5 - 222 pF 
C6 - 77 pF 
C7 -38 pF 
C8 - 837 pF 
C9 - 536 pF 
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COMPARATIVE CODEC PERFORMANCE 

The salient feature of CVSD codecs using the MC3517 
and MC3518 family is versatility. The range of codec 
complexity tradeoffs and bit rate is so wide that one 
cannot grasp the interdependency of parameters for 
voice applications in a few pages. 

Design of a specific codec must be tailored to the 
digital channel bandwidth, the analog bandwidth, the 
quality of signal transmission required and the cost 
objectives. To illustrate the choices available, the data in 
Figure 22 compares the signal-to-noise ratios and dynamic 
range of various codec design options at 32K bits. 
Generally, the relative merits of each design feature will 
remain intact in any application. Lowering the bit rate 
will reduce the dynamic range and noise performance 
of all techniques. As the bit rate is increased, the overall 
performance of each technique will improve and the need 
for more complex designs diminishes. 

Non-voice applications of the MC3517 and MC3518 
are also possible. In those cases, the signal bandwidth 
and amplitude characteristics must be defined before 
the specification of codec parameters can begin. How- 
ever, in general, the design can proceed along the lines of 
the voice applications shown here, taking into account the 
different signal bandwidth requirements. 



FIGURE 22 - COMPARATIVE CODEC PERFORMANCE - 
SIGNAL-TO-NOISE RATIO FOR 1 kHz TEST TONE 
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AMPLITUDE (dB) 
These curves demonstrate the improved performance obtained 
with several codec designs of varying complexity. 

Curve a — Complex companding and double integration 

(FigurelS — MC3418) 
Curve b — Double integration (Figure 14 using Figure 16 — 

MC3418) 
Curve c — Single integration (Figure 14 — MC3418) with 

6.0 mV step size 
Curve d — Single integration (Figure 14— MC3417) with 

25 mV step size 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



SUBSCRIBER LOOP INTERFACE CIRCUIT 

. . . designed as the heart of a circuit to provide BORSHT functions 
for telephone service in Central Office, PABX, and Subscriber Car- 
rier equipment. This circuit provides dc power for the telephone 
(Battery), Overvoltage protection, Supervision features such as 
hook status and dial pulsing, two-wire differential to four-wire 
single-ended conversions and suppression of longitudinal signals 
at the two-wire input (Hybrid), and facilitates ringing insertion. 
Ring trip detection and Testing. 

• Totally Upward Compatible with the MC3419 

• All Key Parameters Externally Programmable 

• Current Sensing Outputs Monitor Status of Both Tip and Ring 
Leads for Auxiliary Functions such as: Ground Key, Ring Trip, 
Message Waiting Lamp, etc. 

• On-Hook Power Below 5.0 mW 

• Digital Hook Status Output 

• Powerdown Input 

• Ground Fault Protection 

• Operates from Single -20 V to -56 V Power Source 

• Size and Weight Reduction Over Conventional Approaches 

• The sale of this product is licensed under Patent No. 4,004,109. 
All royalties related to this patent are included in the unit price. 




SUBSCRIBER LOOP 

INTERFACE CIRCUIT 

(SLIC) 

BIPOLAR LASER-TRIMMED 
INTEGRATED CIRCUIT 
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MAXIMUM RATINGS (Voltages Referenced to Vcc-) 






Rating 


Symbol 


Value 


Unit 


Voltage 


Vee 
Vqb 


-60 

Vee -1-ov 


Vdc 


Powerdown Input Voltage Range 


VpDi 


+ 15to -15 


Vdc 


Sense Current 
Steady State 
Pulse — Figure 4 


'tsI' Irsi 


100 
200 


mAdc 


Storage Temperature Range 


Tstg 


-65 to +150 


X 


Operating Junction Temperature 
(»JA= 100°C/WTyp) 


Tj 


150 


°C 


OPERATING CONDITIONS (Voltages Referenced to 


Vcc-) 




Rating 


Symbol 


Value 


Unit 


Operating Ambient 
Temperature Range 


Ta 


Oto +70 


°C 


Loop Current 


IL 


10 to 120 


mA 


Voltage 


Vee 
Vqb 


-20 to -56 
-20 to Vee 


Vdc 


Analog Ground 
(II = to 60 mA) 
(II = Oto 120 mA) 


Vag 


Oto -12 
-2.5 to -12 


Vdc 


Supervisory Output Voltage 
Compliance Range 


VrSO/ Vtso 


-2.0 to -20 


Vdc 


Hook Status Output 


vhso 


+ 15 to -20 


Vdc 


Loop Resistance 


Rl 


to 2500 


a 



PIN CONNECTIONS 




w 




vcc[T 


O 


iDvag 


EP[T 




J7]rXI 


BP|T 




T6]tX0 


TSl[T 




ilJpDi 


cc|T 




14JHS0 


RSl[T 




il]TSO 


bn|T 




iiJRSO 


en[? 




TT]hst 


VeeEE 




ro|VQB 









TRANSMISSION CHARACTERISTICS (Rl = 600 fl unless otherwise noted.) 



Characteristic 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Transmit and Receive Gain Variation 
(Insertion Loss) 
(1.0kHz@0dBm Input) 


1 


VTX/Vb 
Vl/Vrx 


-0.3 





+ 0.3 


dB 


Transhybrid Rejection 
(Input — 1.0 kHz® OdBm) 
Fixed (1%) Resistor Balance Network 
Trimmed Balance Network All Types 


1 


Vtx/Vrx 


-23 


-35 
-55 


- 


dB 


Level Linearity (-48 to +3.0 dBm, referenced to 
OdBm @ 1.0 kHz) 
Transmission 
Reception 


1 


Vtx/Vl 

Vl/Vrx 


-0.1 
-0.1 






+ 0.1 
+ 0.1 


dB 


Frequency Response (200-3400 Hz referenced to 
1.0 kHz® OdBm) 
Transmission 
Reception 


1 


Vtx/Vl 
Vl/Vrx 


/ 

-0.1 
-0.1 






+ 0.1 
+ 0.1 


dB 


Total Distortion @ 1.0 kHz, dBm 
(C-Message Filtered) 


1 


Vl/Vrx 
Vtx/Vl 





-60 
-60 


— 


dB 
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TRANSMISSION CHARACTERISTICS (continued) (Rl = 600 ft unless otherwise noted.) 



Characteristic 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Idle Channel Noise (Vrx = V) 


1 


Vtx. vl 


— 


3.0 


10 


dBrnC 


Return Loss (referenced to 600 ohms) @ 1.0 kHz, 
dBm 


1 


20 Log 


Ro-600 


30 


— 


— 


dB 


Ro + 600 


Longitudinal Induction (60 Hz) 
ClON = 35 mA RMS) 


2 


Vtx 


— 


5.0 


— 


dBrnC 


Longitudinal Balance (200-3000 Hz) 


2 


Vtx/VloN' 
Vl/Vlon 


-45 


— 


— 


dB 



ELECTRICAL CHARACTERISTICS (Vee = -48 V, Vqb = Vee> VaG = V, Rl = 600 n, Ta = 25°C unless otherwise noted.) 



Characteristic 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay 


1 


Tp, Vrx to Vl 

Vrx to iTx 


— 


750 
1.2 





ns 


Supply Current — On-Hook 

(Vee = Vqb = 56 V, Rl > 100 Ma) 


3 


'vcc 


— 


40 


200 


tiA 


On-Hook Power Dissipation 
(RL>100Mn) 


3 


pd 


— 


1.0 


— 


mW 


Power Supply Noise Rejection 
(1.0kHz@1.0VRMS) 


3 


VTX/Vee 


-40 


— 


— 


dB 


Quiet Battery Noise Rejection 
(1.0kHz@1.0VRMS) 


3 


VTX/Vqb 


— 


-6.0 


— 


dB 


Sense Current 
Tip 
Ring 


4 


'tso/'tsi 
'rso/'rsi 


0.15 
0.15 


0.17 
0.17 


0.19 
0.19 


mA/mA 


Fault Currents 
Tip to Vcc 
Ring to Vcc 
Tip to Ring 
Tip and Ring to Vcc 


1 


'Tip 

'Ring 

'Loop 

'Tip and iRing 


- 




2.5 
120 
2.5 


- 


mA 


Analog Ground Current 


1 


'VAG 


— 


0.1 


2.0 


fiA 


Powerdown Logic Levels 




'pdI 

V|H 
V|L 


-1.2 


-1.0 


-10 
-4.0 


fiA 
Vdc 
Vdc 


Hook Status Output Current 
(Rl < 2.5 ka VhsO = +0.4 Vdc) 
VhSO = -0.4 Vdc) 
(Rl> lOkaVHSO = +12 Vdc) 
VhSO = -12 Vdc) 


1 


'HSO 


+ 1.0 
-0.4 


+ 3.0 
-1.5 






+ 50 
-2.0 


mA 
mA 
AtA 
HA 



MOTOROLA COMMUN'CATIONS DEVICE DATA 



MC3419-1L 
2-121 



FIGURE 1 — AC TEST CIRCUIT 
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FIGURE 2 — LONGITUDINAL BALANCE TEST CIRCUIT 
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FIGURE 3 — SUPPLY NOISE REJECTION TEST CIRCUIT 
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FIGURE 4 — TSO AND RSO SUPERVISORY OUTPUT TEST CIRCUIT 
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FIGURE 5 — QUIET BATTERY CURRENT IvQB 
versus LOOP CURRENT l|. 
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FIGURE 6 — LONGITUDINAL CAPACITY 
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PIN DESCRIPTIONS 



Pin 


Name 


Function 


1 


vcc 


The positive supply voltage. This point is ground in typical applications. 


2,8 


EP&EN 


Loop current sensing Inputs. These are connected to the emitters of the PNP and NPN Darlington 
transistors. They are tied through 10 H resistors to Vcc ^^^ Vee. respectively. The maximum 
continuous current through these inputs is 240 mA. 


3,7 


BP&BN 


Base drive outputs. These pins drive the bases of the PNP and NPN transistors and are able to sink 
or source, respectively, up to 5.0 mA. 


4,6 


TSI & RSI 


Tip and Ring voltage Sensing Inputs. They are low Impedance Inputs (approximately 600 CI each 
i.e., 400 a + 3 diodes) that translate the voltages on Tip and Ring to a current through resistors 
Rj and Rr. TSI is referenced to Vcc and RSI is referenced to Vqb. These pins have 6.0 V zener 
diodes (to their respective reference) for protection against overvoltage line surges. 


5 


CC 


Compensation Capacitor pin. This pin is used to stabilize the longitudinal or common mode 
circuitry. 


9 


Vee 


Negative supply voltage. This pin ties to the chip substrate. Its operating voltage range is -20 V to 
-56 V. It can withstand -60 V without damage and can sustain a voltage surge to -75 V for less 
than 4.0 ms without significant degradation of performance. Most of the loop current and bias 
currents flow through this pin. 


10 


Vqb 


Quiet Battery Voltage reference. This is the voltage reference for the RSI pin. Its voltage must not 
go more negative than Vee- The current through this pin, while powered up, is proportional to 
the loop current, allowing it to be used for loop current limiting. The voltage on this pin, less 4 
volts, is the "effective battery feed voltage for the 2-wire lines even though most of the power 
comes from the Vee supply. 


11 


HST 


Hook Status Threshold programming resistor input. Rh determines the value of loop resistance at 
which on-hook and off-hook status is switched. 


12 


RSO 


Ring Sense current Output. This output reflects the voltage status of the Ring terminal for voltages 
more positive than Vqb- The current is sourced from this output, it is one-sixth Irsi, its voltage 
range is to -20 V and its saturation voltage is approximately -2.0 V. 


13 


TSO 


Tip Sense current Output. This output reflects the voltage status of the Tip terminal for voltages 
more negative than Vcc- The current is sourced from this output, it is one-sixth Ijsi/ 'ts voltage 
range is V to -20 V and its saturation voltage is approximately -2.0 V. 


14 


HSO/HSO 


Hook Status Output. This is a digital output that reflects the condition of the loop resistance. If loop 
resistance is less than a predetermined value established by Rh, usually R|_ < 2.5 kn, the HSO 
pin will be active, i.e., with positive voltage logic (a resistor tied from a +5.0 V or +12 V supply 
to HSO), this pin will sink current to Vcc (VhsO - V); with negative voltage logic (a resistor 
tied from a - 12 V supply to HSO), this pin will source current from Vcc (VjhsO - V). If loop 
resistance is greater than a predetermined value again established by the same resistor Rh, 
usually Rl > 10 kO, the HSO pin is inactive, i.e., Vj-isO - logic supply voltage. 
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PDi 


Powerdown Input pin. This pin is used to deny service to the subscriber. A logic level "0" (V|l < 
-4.0 V) powers down the MC3419-1 except for HSO, TSO and RSO. The voltage range of this 
high Impedance input pin is ±15 V. 
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TXO 


Transmit current Output. This output sinks current to Vqb and is proportional to Ijsi + 'RSI ^y a 
ratio of K1 where: K1 = 0.51. Its saturation voltage is Vqb + 2.5 V typ. ( + 3.5 V over the 
temperature range). This pin is only active during the off-hook power-up condition. 


17 


RXI 


Receive Input. This input sums ac currents from TXO and the receive voltage input (Vrx) and 
sources all the dc current to TXO. It has a low input impedance (15 0) typically biased 4.5 V 
below the Vag P'n voltage during off-hook power-up conditions. During powerdown conditions, 
the voltages on RXI and TXO can drift up to Vag- 


18 


vag 


Analog Ground Voltage reference input. The input impedance of this pin is much greater than 1.0 MH. 
It should be ac coupled to system ground and could be direct coupled if system ground is 
between V and - 12 V. AC coupling requires 300 kil to Vcc and 0.1 /otF to system ground. If 
Vcc and system ground are common, tie Vag directly to Vcc- '^ dc loop currents are allowed to 
go higher than 60 mA, Vag should be biased from -2.5 V to - 12 V to avoid problems at high 
ambient temperatures. 
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FUNCTIONAL DESCRIPTION 



Referring to the functional block diagram on page 1, 
line sensing resistors (Rr and Rj) at the TSI and RSI 
pins convert voltages at the Tip and Ring terminals into 
currents which are fed Into current mirrors* A1 and A2. 
An output of A1 is mirrored byA3 and summed together 
with an output of A2 at the TXO terminal. Thus, a dff- 
ferentlal to single-ended conversion Is performed from 
the ac line signals to the TXO output. 

All the dc current at the TXO output is fed back 
through the RXI terminals to the B1 mirror Input. The 
inputs to B1 and B2 are made equal by mirroring the 
81 Input current to the B2 input through a unity gain 
output of the B1 mirror. Both B1 and B2 mirrors have 
high gain outputs (x95) which drive the subscriber lines 
with balanced currents that are equal In amplitude and 
180° out of phase. The feedback from the TXO output, 
through the B-Clrcult mirrors, to the subscriber line 
produces a dc feed resistance significantly less, but 
proportional to the loop sensing resistors. 

In most line-interface systems, the ac termination 
impedance is desired to be greater than the dc feed 
impedance. A differential ac generator on the subscriber 
loop would be terminated by the dc feed impedance if 
the total ac current at the TXO output were returned to 
the B1 input along with the dc current. Instead, the 
MC341 9-1 system diverts part of the ac current from the 
B-Circuit mirrors. This decreases the ac feedback cur- 
rent, causing the ac termination Impedance at the line 
interface to be greater than the dc feed impedance. 

The ac current that is diverted from the B1 mirror 
input is coupled to a current-to-voltage converter circuit 
that has a low input Impedance. This circuit consists of 
an op amp (external to the MC3419-1) and a feedback 
resistor which produces the transmit output voltage 
(Vjx) at the 4-wlre interface. Transmission gain is pro- 
grammed by the op amp feedback resistor (RvTX)- 

Reception gain Is realized by converting the ac cou- 
pled receive input voltage (Vrx) to a current through 
an external resistor (Rrx) at the low impedance RXI 
terminal. This current is summed at RXI with the dc and 
ac feedback current from the A-Circult niirrors and 
drives the B1 mirror input. The B-Clrcult mirror outputs 
drive the 2-wire port with balanced ac current propor- 
tional to the receive Input voltage. Reception gain is 
programmed by the Rrx resistor. 

Since receive input signals are transmitted through 
the MC3419-1 to the 2-wire port, and the 2-wlre port 
signals are returned to the 4-wire transmit output, a 
means of cancellation must be provided to maintain 
4-wire signal separation (transhybrid rejection). Can- 
cellation is complicated because the gain from the re- 
ceive port to the transmit port depends on the impedance 



*A current mirror is a circuit which behaves as a current controlled 
current source. It has a single low-impedance input terminal with re- 
spect to a reference point and one or more high impedance outputs. 



of the subscriber loop. A passive "balance network" Is 
used to achieve transhybrid rejection by cancelling, at 
the low Impedance input to the transmit op amp, the 
current reflected by the loop impedance to the 4-wire 
transmit output. For a resistive loop impedance, a single 
resistor provides the cancellation. For reactive loops, 
the balance network should be reactive. 

Longitudinal (common-mode) currents that may be 
present on the subscriber lines are suppressed in the 
MC3419-1 by two methods. The first is inherent In the 
mirror configuration. Positive-going longitudinal cur- 
rents Into Tip and Ring create common-mode voltages 
that cause a decreasing current through the Tip Sensing 
resistor and an increasing current through the Ring 
Sensing resistor. When these equal and opposite signal 
currents are reflected through the A-Circuit mirrors and 
summed together at TXO, the total current at TXO re- 
mains unchanged. Therefore, the ac currents due to the 
common-mode signal are cancelled before reaching the 
transmit output. 

The second longitudinal suppression method is more 
dominant, since It limits the amplitude of common- 
mode voltages that appear at the Tip and Ring terminals. 

A common-mode suppression circuit detects com- 
mon-mode Inputs and drives the loop with balanced 
currents to reduce the input amplitude. Subtracting cur- 
rents from outputs of the A1 and A2 mirrors produces 
a signal current at the CC terminal in response to the 
common-mode voltage at Tip and Ring. A transcon- 
ductance amplifier (C-Clrcult) generates a current pro- 
portional to the CC terminal voltage which is summed 
with the current from the RXI terminal at the inputs of 
current mirrors B1 and B2. The weighting and polarity 
of the summing networks produce common-mode B1 
and B2 mirror output currents at the 2-wlre port. The 
common-mode input impedance Is inversely propor- 
tional to the gain of the longitudinal suppression circuit. 
Rc and Cq compensate the common-mode feedback 
loop. At 60 Hz with typical component values, the 2-wlre 
common-mode impedance is less than 5 H. 

The longitudinal suppression circuit output currents 
are generated by modulating dc current fed to the loop 
by the B1 and B2 current mirrors. This configuration 
avoids the increased power dissipation attributed to 
current mode loop drive because dc and longitudinal 
currents are not cumulatively sourced to the loop. 
However, driving common-mode currents through the 
B-clrcuit current mirrors in this manner limits the long- 
itudinal suppression capability. The suppression circuit 
is unable to reverse 2-wlre current polarities to maintain 
a low-Impedance termination when longitudinal cur- 
rents exceed the dc loop current. At low dc loop cur- 
rents, the common-mode signal capability, known as 
longitudinal capacity; is limited by the loop current (Fig- 
ure 6). At high-loop currents, longitudinal capacity is 
limited by the maximum voltage swing of the CC ter- 
minal and is therefore independent of dc loop current. 
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FIGURE 7 — BASIC SLIC CIRCUIT 



Gnd 



DC > Rl 




The hook status control circuit supplies the bias cur- 
rents to activate the B-Circuit op amps and other sec- 
tions of the MC341 9-1 . To activate the bias currents, the 
control circuit compares the current through the sense 
resistors, Rr and Rj, and the load resistance Rl with 
the current through the hook status threshold program- 
ming resistor, R|-|, by using outputs from both A1 and 
A2 mirrors. The A1 mirror output sources current to the 
Rh resistor. (This reduces all internal currents to near 
zero during the on-hook state In order to eliminate un- 
necessary power consumption.) If this current is large 
enough the voltage on the HST pin will trip an internal 
comparator, then another circuit compares the current 
from the A1 output with that of an A2 output. These 
currents must match within ±15%. If so, HSO will be 
activated and the bias circuits will turn on provided the 
voltage on PDI is greater than - 1 .2 V. The HSO pin can 
have either a pull-up resistor or a pull-down resistor 
and when activated It will switch to Vqc (0 volts). 

Once the MC3419-1 is powered up, a circuit with a 
gain of 20 feeds current to the R^ resistor in order to 
keep the bias circuitry active. (The sense resistors are 
paralleled with the Darlington transistors which reduces 



the sense input currents.) Should the sense input cur- 
rents drop below one-twentieth of the required power- 
up current, the bias currents will be removed, forcing 
a power-down condition. 

Current mode analog signal processing Is critically 
dependent on voltage to current conversion at the 
2-wire and 4-wire Inputs. Precise, low-noise voltage 
sensing through resistors Rj, Rr and Rrx requires 
quiet, low Impedance terminations at terminals TSI, RSI 
and RXI respectively. For 2-wlre signals, terminal Vqb 
Isolates the loop-sensing resistors and current mirrors 
from noise at the high-current V^e terminal. External 
filtering from Vqc to Vqb ("quiet battery" terminal) 
ensures loop voltages are sensed without Interference 
from system supply noise. V^e noise rejection at audio 
frequencies is typically 60 dB or greater. 

Receive Input terminal RXI is referenced to the V^q 
terminal which references the 4-wire Input to the 
"analog ground" of the 4-wire signal source, thus isolat- 
ing the input from power ground voltage transients. 
This isolation offers 70 dB of noise rejection at audio 
frequencies. 



SYSTEM EQUATIONS 



K1 — The current gain from Ijsi + 'rSI to ^^0 o"'y 

during an off-hook power-up condition. K1 = 0.51 ± 

1%. 

K2 — The current gain from RXI to the collectors of the 

off-chip Darlington transistors only during an off-hook 

power-up condition. K2 = 95 ± 1%. 



For simplicity, the following equations do not use K1 
or K2. Instead the actual numerical value Is used, for 
Instance (1 + [21K1K2) = 1 + 1.02 x 95 = 97.9 Is ap- 
proximately 98, 

Rl — Loop resistance. This Is a load resistance from Tip 
to Ring and can be either ac or dc depending on context. 
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LOOP CURRENT REGULATIONS 



FIGURE 8(a) 




FIGURE 9(a) 




FIGURE 8(b) 



FIGURE 9(b) 
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SYSTEM EQUATIONS (continued) 



Zl — Loop impedance. This is used only to connote a 
complex impedance loading on Tip and Ring. 
![_ — Loop current. The dc current flow through Rl. 
Rp — Dc feed resistance. The synthesized resistance 
from which battery (Vcc and V^e) current is fed to Rl- 
The battery feed resistance is balanced differential feed. 
See Figure 7. (This assumes Vqb = V^g.) The first order 
equation is: 



Rp^ 



(1) 



Rr 4- Rt+ 1200 
98 

Because of the diode voltage drops on TSI and RSI, the 
actual dc feed resistance is higher. The second order 
equation is: 



Rf = 



|VqbI(98 Rl + Rr + Rt + 1200 n) 
98(|(Vqb| -4.0 V) 



Rl (2) 



ignoring the effects of Rl 

|VqbI(Rr + Rt+ 1200 n) 

98{|Vqb| -4.0 V) 
So: 

49Rf(|VqbI -4.0 V) 

IVqbI 



Rf = 



Rr = Rt = 



600 



(3) 
(4) 



The minimum value for Rr and Rj is 5.0 kO. 
The first order value of Rp can not be greater than the 
desired value of the termination impedance (usually 
600 n or 900 CI). To achieve dc feed resistances that are 
greater, a resistor can be placed between Vqb and Vgg 
along with a filter capacitor Cqb which restores the 
desired termination impedance and filters power supply 
noise. A diode should also be placed between Vqb and 
VgE to prevent damage in case a catastrophic power 
supply failure occurs. 
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'VQB — This is the current that is sourced from the Vqb 
pin and is proportional to the currents into and out of 
RSI and TSI. When the SUC is in the off-hook power-up 
mode, IvQB 's also proportional to II. 

IVQB = 2.15 Irsi + 0.7 JTSI (5) 

IVQB = 0.029 IL (6) 

RpQ — Dc feed resistance. The synthesized resistance 
from which battery current is fed to Rl, see Figure 8. 
(This assumes Vqb is tied to V^e through a resistor 
RqB-) Rqb synthesizes additional dc feed resistance to 
the Rp value previously stated. 

When using Rqb, the dc feed is effectively balance fed 
from Vcc and Vqb instead of Vg^. The sense resistors 
(Rr and Rj) should be selected to make Rp (first order) 
less than the termination impedance. 

|VeeI(98Rl + Rr + Rt + 1200 + 2.85Rqb) 
98(|Vee1 -4.0 V) 



Rfq = 



Rl 



Ignoring Rl, this simplifies to: 

IVeeKRr + Rt + 1200 + 2.85RQB) 
98(|VeeI -4.0 V) 



Rfq = 



(7) 



(8) 



Therefore: 



Rqb 



Cqb- 



98Rfq(|VeeI -4.0 V) - |VeeI(Rr + Rj + 1200 g) 
2.85|VeeI 



(9) 



Cqb 



(10) 



- Power supply noise filter capacitor. 

2.85 Rqb + Rr + Rj + 1200 a 
2TTf Rqb(Rr + Rj + 1200 n) 

Figure SB shows Rqb replaced with a current regulating 
device such as Motorola's 1N5283 family. 

'CRQB — Tl^® current that is sourced to a current reg- 
ulating device from the Vqb pin. When this current 
reaches the regulated value, the voltage differential be- 
tween Vee and Vqb increases causing the effective bat- 
tery voltage to decrease which limits II to a maximum 
value as determined below: 



II = 34.5 Icrqb 



(11) 



The graph. Figure 9B, shows loop current versus loop 
resistance using several values of icRQB- The closest 
current regulating diode part number to that value is 
also shown. A typical value for Cqb in this case is 10 
/aF, 60 Vdc. 

Figure 10 shows how power can be conserved on 
the shorter loop lengths by utilizing current limiting 
techniques. 

Overvoltage protection on the 2-wire port is achieved 
with the MDA220 diode bridge and the protection re- 
sistors RpB and Rpj. Whenever the voltage on the 
2-wire port exceeds the power supply rails (Vqq and 
Vee)/ the MDA220 diodes will forward bias and "clamp" 
to the rail voltage. The current is limited by the protec- 



FIGURE 10 — TOTAL SLIC POWER DISSIPATION 
versus LOOP RESISTANCE 
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tion resistors. These resistors should be as large in value 
as possible. However, if they are too large, they will 
Interfere with the performance of the SLIC under worst 
case conditions. 



RPT< Rt/196 -15 



(12) 



Using the voltage of Vqb when II is at its minimum off- 
hook value (Typ. 20 mA): 

RpR < Rr/196 + 251VEE - VqbI -15 (13) 

The tolerance of these resistors is not critical due to 
placement inside a closed loop. Positive temperature 
co-efficient resistors (PTC) may be considered here. 
Consult resistor manufacturers for component selec- 
tions that will meet the surge current and peak voltage 
requirements. 

Because the MC3419-1 is a broadband device it re- 
quires compensation components to keep its circuits 
stable. 

Cr &Ct — Compensates the longitudinal gain of the 
A and the B circuit mirrors. Their values range from 
2000 pF to 5000 pF. 

Rc & ^C — Compensates the longitudinal "C" circuitry. 
Their values can be ratioed according to: 



Rc X Cc = Rt X Cj. 



(14) 



Two off-chip power Darlington transistors are used 
with the MC3419-1. These transistors reduce any tem- 
perature gradiant problems with the precision matched 
devices on-chip and they alleviate thermal stress con- 
ditions that could occur for every on-hook and off-hook 
transition. The power dissipation in these devices is: 

PQT = Il2(Rt/98 - RpT - 4) + (2.0 V)Il (15) 

PQR = IL [|VeeI - 2 - Il(Rt/98 + Rl + RpR + 16)] (16) 

where l|_ = |Vee|/RfQ o"" 'l^'^^^^ '" current limited 
designs. 
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SYSTEM EQUATIONS (continued) 



Rh — The resistor that determines the hook status 
threshold values of Rl- Rh is selected from a graph of 
the following two equations: 

Off-hook threshold 
Rh = 6(Rl + Rr + Rt) (17) 

On-hook threshold 
Rh = 27.25 [Rl + O.OKRr + Rj)] (18) 

FIGURE 1 1 — HOOK STATUS DETECTION 
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340 



Figure 11 shows such a graph using 17.4 kfl as the 
values for Rr and Rj. Note the oscillatory condition to 
the right of the crossing point. Selection of Rh in this 
region is usually not a problem since the majority of 
telephone lines do not fall into this resistance range. Rh 
always ties to Vqb and HST and will give reliable hook 
status information regardless of power supply voltages 
and PDI. 

Rq — Termination impedance of the 2-wire port. This 
impedance is greater than the dc feed resistance Rp 
because of a current splitting network in the feedback 
loop, Rjxi and RtX2' 

K3 — A constant, formed by Rjxi and RtX2' between 
and 1, which determines the ratio of the first order 
value of Rp to Rq. 



So: 



and 





R0 = 


Rr + Rt + 1200 fl 






1 + 97K3 




K3 


Rr 


+ Rt + 1200 n - 


Rq 




97Ro 






I^O 


RtX2 + Zin 





RJXI + RtX2 + Zir 



(19) 



(20) 



(21) 



Zjn — The input impedance of the current to voltage 
converter op amp. This impedance is usually negligible, 
it can be used to sway the selection of a 1% component 
value. 



Zin = 



(Rr -H Rt+ 1200n)GTX 



RVTX 
1000 



(22) 



1020 (1 - K3) 

Rtxi — Feeds most of the TXO dc current to the RXI 
pin. To keep TXO from saturation the maximum value 
of Rtxi is as follows: 
D (Rr + Rt + 1200 a) (|VQB|min - |VAG|max - 6.5 V) 



|VQB|min - 5.4 V 

Where: 

lv...lmin - ^"R ^ "T + 1200 n) (iVEElmin -4] 
IVQBimin ^^^ ^ ^_^ _^ ^200 n + 2.8 Rqb) 

or if a current regulator diode is used: 

^ 0.01 iL(max) (Rr + Rt + 600 O) - |VAG|max - 3.9 V 



(23) 



(24) 



Rtxi < - 



0.01 iL(max) 



(25) 



It is beneficial to make Rtxi as large as possible. Typical 
values range from 15 k to 24 kCl. 



RtX2 



K3 Rtxi 

1 - K3 



(26) 



Ctx = 



Rr + Rt + 1200 n 
7RTX2 



The result is in /nF. (27) 



Gjx — The voltage gain from the 2-wire port to Vtx 
which is adjustable by RvTX- 

1.02 (1 - K3)RvTX 



Gtx = 



RVTX = 



Rr + Rt + 1200 n 

Gtx(Rr + Rt + 1200 n) 



(28) 



(29) 



1.02 (1 - K3) 

Grx — The voltage gain from the Vrx input to the 2- 
wire port which is adjustable by Rpx- 

-95Rl(Rr + Rt + 1200 0) 



Grx = 



Rrx [(Rr + Rt + 1200 ft) + Rl(i + 97K3)] 
-95 Rl Rq 



Grx = 



Rrx 



Rrx(Rl + Rq) 

95 Rl Rq 
Grx(Rl + Rq) 



Crx> 



Rrx + Rb 



(30) 



(31) 



(32) 



(33) 



2tt f RrxRb 

Where f Is the minimum passband frequency, usually 
200 Hz. 

Transhybrid Rejection — The voltage gain from Vrx to 
Vtx- it is expressed in dB, the number should be neg- 
ative and the larger the value the better. Transhybrid 
rejection is achieved by summing a current from the 
Vrx input (Rq) with the TXO current that flows to the 
current to voltage converter. Rg balances a resistive 
load, Rl- 



Rb = 



Rrx(1 + 97K3) (Rq + RQ 
97Rl(1-K3) 



(34) 
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FIGURE 12 — BALANCE NETWORK FOR CAPACITIVE LINES 
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FIGURE 13 — BALANCE NETWORK FOR COMPLEX LOAD IMPEDANCES 
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To scale Z^ to its maximum values 

Rrx (1 + 97K3) 



Rbl = Rb2 = 



194(1 - K3) 



^" = 1^'^^' 



(35) 
(36) 



When the 2-wire port has a parallel R and C load, then 
(see Figure 12): 

Rrx(Rr + Rt+ 1200 n) ,.^. 

"b1 - 97Rl (1 - K3) '^^^ 



ances using component values that are equal to the 
load values (see Figure 13) then: 



Rbl 



Rrx(T + 97K3) 
194(1 - K3) 



Rb2 = 



Rrx(Rr + Rt+ 1200 n) 

97Ro(1 - K3) 
RlCl 



Cb = 



Rb2 



(38) 
(39) 



, /[ RRxd + 

VL 194(1 - 



97K3)]2 RpRRxd + 97K3) 



K3) J 



97(1 - K3) 



When it is desirable to balance complex load imped- 



Rrx(1 + 97K3) 
"b2- 97(1 _K3) -f^bl 

Zb = ZL 
R|3l and Rt)2 values are interchangeable. 



(40) 

(41) 
(42) 
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The Tip and Ring Sense Output currents are propor- 
tional to the currents out of and into TSI and RSI, 
respectively. |^g. 



Itso 



ITSO = -5- 

•rso = ^ 

|VTiD-VCC|-2.0V 



(43) 



(44) 



6(RT + 600a) ^°^VTip<Vcc (45) 



Irso 



jVRing- VqbI -2.0 V 
6(Rr + 600 ft) 



forVRing>VQB (46) 



Digital interfacing to the MC3419-1 PDI pin and the 
HSOpin is shown in Figures 14a, 14b and 14c. If the PDI 
pin is not used it should be terminated to V^c and if 
HSO is not used, it can be left open. 



Figure 15 is an application circuit showing solid state 
ringing insertion using an MOC3030 zero-crossing de- 
tector optocoupled triac to replace the conventional 
electromechanical relay. This device inserts the ringing 
signal on a zero voltage crossing which eliminates noise 
in adjacent cable pairs and removes the signal on a zero 
current crossing which eliminates inductive voltage 
spikes that commonly destroy relay contacts. The ring- 
ing generator provides a continuous 40 V to 120 V RMS 
signal from 15 to 66 Hz superimposed upon 
-48 Vdc. Ringing cadencing is inserted with the Ring 
Enable Input. The 2N6558 and MPSA42 replace the 
MJE270 for systems that use ringing generator voltages 
greater than 70 Vrms- The MDA220 diode bridge is 
replaced with a series 1N4007 on the Tip lead and a 
shunting 1N4004 to V^e and to allow ringing voltage 



FIGURE 14 — INTERFACE-TO-DIGITAL LOGIC 
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FIGURE 15 — PBX LINE CIRCUIT 
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Indicates Optional Components 



\ [ Logic Power 

] I Ring Enable 

\ I Ringing Generator 



Hook Status 
Output 

\ [Ground Vcc 



\ I Analog Ground 
\ I Receive Input 

Transmit Output 



j I Negative Battery 



SYSTEM EQUATIONS (continued) 



on the Ring lead to exceed the power supply voltages, 
a 1N4007 and an MK1V-135 (Sidac) are used for pro- 
tection. The forward voltage drop across the 1N4007, 
during normal operation, will not affect the parametric 
characteristics of the MC3419-1 since it is "inside" a 
feedback circuit. If the MJE270 is used, the MK1V-135 
should be replaced with a lower voltage Sidac or 
MO'Sorb transient suppressor. 

An optocoupled transistor circuit is used for ring trip 
detection on long lines. It samples only the ac and dc 
ringing signal current and uses a simple one pole filter 
to eliminate the low level ac signal. Under worst case 
conditions this circuit will ring trip in ^V2 to 4 cycles. In 



systems serving only short loops (<700 O), if Rqi and 
RG2 sre 620 ft or greater, the optotransistor circuit is 
not needed, the Hook Status Output will perform ring 
trip on a Zero Crossing. The Ring Enable input and the 
Hook Status Output interface with standard CMOS and 
TTL logic. 

The op amp in this circuit is an integral part of the 
following codecs, filters or combos: 

MC3417/8 — MC145414 
MCI 4404/6/7 — MC1 441 3/4 
MCI 4401/2/3/5 



LONG LINES OFF-PREMISE LINES 



Specifications 












Off-Hook 


— <2500 a 


VLogic 


— +5.0 V 


Rf 


— 200n 




Ro 




— 600 a 


On-Hook 


— >io ka 


Vee 


42 to -56 


iL(max) 


— 60 mA 




Rx 


Gain 


— OdB 










Volts 












200-3400 Hz 


Protection 


— 1000 V 


VRinging 


— (40 V to 120 


RL(max) 


— 1900 n 




TX 


Gain 


— OdB 

200-3400 Hz 


Ringer Equivc 


Hent — 5 






Vrms) + Vee 


Parts List 






















MPSA56 


Rr 







9.09 k 


1% Matched 


MOC3030 


Rtxi 





12.1 k 


1% 


2N3905 


Rt 


— 




9.09 k 


1% if desired 


4N25 


RtS2 


— 


5.76 k 


1% 


2N6558 


RPT 


— 




47 a 


5% 




Rrx 


— 


28.7 k 


1% 


MPSA42 


RpR 


— 




75 a 


5% 




Rb 


— 


28.0 k 


1% 


MJE271 


Rgi 


— 




620 a 


5% 




RVTX 


— 


28.6 k 


1% 


1N4007 


RG2 


— 




100 a 


5% 




Ct 




0.004 fxF 




MK1V135 


Rei 


— 




91 a 


5% 




Cr 


— 


0.004 mF 




1N4007 


RE2 


— 




3.0 k 


5% 




Cc 


— 


0.001 /L^F 




1N4007 


Rrt 


— 




20 k 


5% 




Crx 


— 


1.0/MF/20V 


1N5303 


Re 


— 




24 k 


5% 




Ctx 


— 


2.0 fiF/AO V 


1N4004 


Rh 


— 




127 k 1 


-3% 




CRT 


— 


20 /LtF/5.0 V 


MC3419-1 


Rhso 


— 




10 k 


5% 




Cqb 


— 


IO/L1F/6OV 
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Specifications 










Rf 




— 


500 a 




RL(max) 




— 


700 a 




Ring Trip 




— . 


<50 ms 




Ringer Equivalem 


t 


— 


2.5 




Rq 




~~ 


600 a 




Parts List 










MJE271 


Rr 


■ _ . 


19.6 k 


1% 


MJE270 


Rt 


— 


19.6 k 


1% 


MPSA56 


Rgi 


— 


620 a 


5% 


2N3905 


RG2 


— 


620 a 


5% 


1N4007 


Rei 


— 


91 a 


5% 


1N4007 


RE2 


— 


3.0 k 


5% 



Rx Gain 






— -5.0 dB 






Tx Gain 






— OdB 






VLogic 






— +5.0 Volts 






Vee 






— -20 to -56 Volts 




VRinging 






- (40Vto70VRMS) + 


Vee 


MOC3030 






Rhso - 


10 k 


5% 








Rtxi — 


19.6 k 


1% 


Ct - 


0.004 fiF 


RTX2 - 


42.2 k 


1% 


Cr - 


0.004 fiF 


Rrx - 


69.8 k 


1% 


Cc - 


0.004 fiF 


Rb - 


301 k 


1% 


Crx - 


0.1 


^F 


RVTX — 


127 k 


1% 


Ctx - 


0.5 


^F 


Re - 


56 k 


5% 
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Advance Information 
Wideband FSK Receiver 

The MC1 3055 is intended fo RF data link systems using carrier frequencies up 
to 40 IVIHz and FSK (frequency shift keying) data rates up to 2.0 IVI Baud 
(1.0 MHz). This design is similar to the MC3356, except that it does not include 
the oscillator/mixer. The IF bandwidth has been Increased and the detector output 
has been revised to a balanced configuration. The received signal strength 
metering circuit has been retained, as has the versatile data slicer/comparator. 

• Input Sensitivity 20 |iV @ 40 MHz 

• Signal Strength Indicator Linear Over 3 Decades 

• Available in Surface Mount Package 

• Easy Application, Few Peripheral Components 



WIDEBAND 

FSK 
RECEIVER 

MONOLITHIC SILICON 
INTEGRATED CIRCUIT 



Figure 1 . Block Diagram and Application Circuit 
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P SUFFIX 

PLASTIC PACKAGE 
CASE 648 



D SUFFIX 

PLASTIC PACKAGE 

CASE 751 B 

(SO-16) 



PIN CONNECTIONS 


Comparator Gndd 


W 


16] Data Out 


Comparator Vcc E 
IF Ground d 


+ 


^1 compara. 


IF Vcc H 




iH Carrier Detect 


Limiter Input d 




1 l^eter Drive 


LimiterBias _ 

IE 




— , f Detector 


Quad Bias K 




9] Quad Input 









This document contains infomriatipn on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


VcC{max) 


15 


Vdc 


Operating Supply Voltage Range 


V2,V4 


3.0 to 12 


Vdc 


Junction Temperature 


Tj 


150 


°C 


Operating Ambient Temperature Range 


ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°C 


Power Dissipation, Package Rating 


Pd 


1.25 


W 



ELECTRICAL CHARACTERISTICS (Vqc = 5.0 Vdc, fo = 40 MHz, fmod = 1 -0 MHz, Af = ±1 .0 MHz, Ta = 25°C, test circuit of Figure 2.) 



Characteristics 


Measure 


Min 


Typ 


Max 


Unit 


Total Drain Current 


12 + 14 


— 


20 


25 


mA 


Data Comparator Pull-Down Current 


116 


— 


10 


— 


mA 


Meter Drive Slope versus Input 


112 


4.5 


7.0 


9.0 


^lA/dB 


Carrier Detect Pull-Down Current 


113 


— 


1.3 


— 


mA 


Carrier Detect Pull-Up Current 


113 


— 


500 


— 


^A 


Carrier Detect Threshold Voltage 


V12 


700 


800 


900 


mV 


DC Output Current 


110,111 


— 


430 


— 


HA 


Recovered Signal 


V10-V11 


— 


350 


— 


mVrms 


Sensitivity for 20 dB S + N/N, BW = 5.0 MHz 


VIN 


— 


20 


— 


nVrms 


S + N/N at Vjn = 50 ^V 


V10-V11 


— 


30 


— 


dB 


Input Impedance @ 40 MHz Rjn 

Cin 


Pin 5, Ground 


: 


4.2 
4.5 


: 


i<a 

PF 


Quadrature Coil Loading Rjn 

Cin 


Pin 9 to 8 





7.6 
5.2 


— 


kQ 

pF 



Figure 2. Test Circuit 
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22pF r 

Input o— I ^ 
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o Meter Drive 




Coils — Shielded 

CoilcraftUNI-10/142 

LI Gray 8-1/2 Turns, nominal 300 nH 

L2 Black 10-1/2 Turns, nominal 380 nH 



TOKO Series E526HNA 
LI Part No. 100301 
L2 Part No. 100079 
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Figure 3. Overall Gain 
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Figure 4. 


Meter Current 
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Figure 5. Untuned Input: Limiting Sensitivity 
versus Frequency 
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Figure 6. Untuned Input: Meter Current 
versus Frequency 
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Figure 7. Limiting Sensitivity and Detuning 
versus Supply Voltage 
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Figure 8. Detector Current and Power Supply 
Current versus Supply Voltage 
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Figure 9. Recovered Audio versus Temperature 
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Figure 10. Carrier Detect Threshold versus Temperature 
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Figure 11. IVIeter Current versus Temperature 
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Figure 12. Input Limiting versus Temperature 




i-so 

i -60 
















































































^y 


LU 
CO 

g -70 


















.X'' 1 
















.^' 




1 -80 

Ol 


^*- 












^ 














" 


—^ 












2 -90 

> 











































-60 -40 -20 20 40 60 80 100 120 140 
Ta, AMBIENT TEMPERATURE (°C) 



-60 -40 



-20 20 40 60 80 100 120 140 
Ta, ambient TEMPERATURE ("C) 



Figure 13. Input Impedance, Pin 5 
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Figure 14. Test Fixture (Component Layout) 
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Figure 15. Internal Schematic 
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GENERAL DESCRIPTION 



The MC13055 is an extended frequency range FM IF, 
quadrature detector, signal strength detector and data shaper. 
It is Intended primarily for FSK data systems. The design is 
very similar to MC3356 except that the oscillator/mixer has 
been removed, and the frequency capability of the I F has been 
raised about 2:1 , The detector output configuration has been 
changed to a balanced, open-collector type to permit 
symmetrical driveofthedatashaper(comparator).Meterdrive 
and squelch features have been retained. 

The limiting IF is a high frequency type, capable of being 
operated up to 100 MHz. It is expected to be used at 40 MHz 
In most cases. The quadrature detector is internally coupled 
to the IF, and a 2.0 pF quadrature capacitor is internally 
provided. The 20 dB quieting sensitivity is approximately 
20 |iV, tuned input, and the IF can accept signals up to 
220 mVrms without distortion or change of detector quiescent 
DC level. 

The IF is unusual in that each of the last 5 stages of the 6 
stage limiter contains a signal strength sensitive, current 
sinking device. These are parallel connected and buffered to 



produce a signal strength meter drive which Is fairly linear for 
IF input signals of 20 ^iV to 20 mVrms. (See Figure 4.) 

A simple squelch arrangement is provided whereby the 
meter current flowing through the meter load resistance flips 
a comparator at about 0.8 Vdc above ground. The signal 
strength at which this occurs can be adjusted by changing the 
meter load resistor. The comparator (+) input and output are 
available to permit control of hysteresis. Good positive action 
can be obtained for IF Input signals of above 20 ^iVrms. A 
resistor (R) from Pin 13 to Pin 12 will provide Vcc/R of 
feedback current. This current can be correlated to an amount 
of signal strength hysteresis by using Figure 4. 

The squelch is internally connected to the data shaper. 
Squelch causes the data shaper to produce a high (Vcc) 
output. 

The data shaper is a complete "floating" comparator, with 
diodes across its inputs. The outputs of the quadrature 
detector can be fed directly to either or preferably both inputs 
of the comparator to produce a squared output swinging from 
Vcc to ground in inverted or noninverted form. 
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Advance Information 

FM Communications Receivers 

The MC13135/MC13136 are the second generation of single chip, dual 
conversion FM communications receivers developed by Motorola. Major 
improvements in signal handling, RSSI and first oscillator operation have been 
made. In addition, recovered audio distortion and audio drive have improved. 
Using Motorola's MOSAIC^^ 1.5 process, these receivers offer low noise, high 
gain and stability over a wide operating voltage range. 

Both the MC13135 and MC13136 include a Colpitts oscillator, VCO tuning 
diode, low noise first and second mixer and LO, high gain limiting IF, and RSSI. 
The MC13135 is designed for use with an LC quadrature detector and has an 
uncommitted op amp that can be used either for an RSSI buffer or as a data 
comparator. The MC13136 can be used with either a ceramic discriminator or an 
LC quad coil and the op amp is Internally connected for a voltage buffered RSSI 
output. 

These devices can be used as stand-alone VHF receivers or as the lower IF 
of a triple conversion system. Applications include cordless telephones, short 
range data links, walkie-talkies, low cost land mobile, amateur radio receivers, 
baby monitors and scanners. 

• Complete Dual Conversion FM Receiver - Antenna Input to Audio Output 

• Voltage Buffered RSSI with 70 dB of Usable Range 

• Low Voltage Operation - 2.0 to 6.0 Vdc (2 Cell NiCad Supply) 

• Low Current Drain - 3.5 mA Typ 

• Low Impedance Audio Output < 25 Q 

• VHF Colpitts First LO for Crystal or VCO Operation 

• Isolated Tuning Diode 

• Buffered First LO Output to Drive CMOS PLL Synthesizer 



DUAL CONVERSION 
NARROWBAND 
FM RECEIVERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 724 



DW SUFFIX 

PLASTIC PACKAGE 

CASE 751 E 

(SO-24L) 



ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC13135P 


- 40° to +85°C 


Plastic DIP 


MC13135DW 


SO-24L 


MC13136P 


Plastic DIP 


MC13136DW 


SO-24L 



MC13135 



PIN CONNECTIONS 



MCI 31 36 



1st LO Base |T 

1 St LO Emitter \J 

IstLOOut |T 

VCC1 E 

2nd LO Emitter [T 

2nd LO Base |T 

2nd Mixer Out |T- 

Vee U 

Limiterin [T 

Decouple 1 Ro 

Decouple 2 [lT 

RSSI Bl 



TistLO 

:rr\ 



Varicap 



E 



vcoi 



Kt^ 



1 2nd LO 



M- 




VCC2 



T 



-Hh- 



m 

20] 

m 

■D 

AF — ^ 

fi 

I — m 
u 



Varicap C 
Varicap A 
1st Mixer In 1 
1st Mixer In 2 
1st Mixer Out 
VCC2 

2nd Mixer In 
Audio Out 
Op Amp Out 
Op Amp In - 
Op Amp In + 
Quad Coil 



IstLOBase 
1 St LO Emitter 

IstLOOut [T 

VcQl E 

2nd LO Emitter [T 

2nd LO Base \T 

2nd Mixer Out [T 

Vee [I 

Limiterin \T 

Decouple 1 Qo 

Decouple 2 QT 

RSSI Ql 



TistU 

[I— I 



IstLO 



Varicap 



Vcoi 



1 2nd LO 

I , , Vcc2 



T 






4-w 



24] Varicap 

23] Varicap A 

W\ 1st Mixer In 1 

-21] 1st Mixer In 2 

^ 1st Mixer Out 

.19} Vcc2 

- ]|] 2nd Mixer In 
Mr 

■{>— Tt] Audio Out 



■ l6] Buffered RSSI Output 
]!] Op Amp In - 



TTl Limiter Output 
"iJI Quad Input 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4,19 


Vcc (max) 


6.5 


Vdc 


RF Input Voltage 


22 


RFin 


1.0 


Vrms 


Junction Temperature 


— 


Tj 


+150 


°C 


Storage Temperature Range 


— 


Tstg 


-65 to +150 


°C 


RECOMMENDED OPERATING CONDITIONS 


Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


4,19 


Vcc 


2.0 to 6.0 


Vdc 


Maximum 1st IF 


— 


f|F1 


21 


MHz 


Maximum 2nd IF 


— 


^IF2 


3.0 


MHz 


Ambient Temperature Range 


— 


Ta 


-40to + 85 


°C 



ELECTRICAL CHARACTERISTICS (Ta= 
LO = 10.245 MHz, IF1 = 10.7MHz, IF2=455 kHz, 



25°C,Vcc=4.0Vdc,fo=49.7MHz,fMOD=1-0kHz,Deviation=±3.0kHz,fistLO=39MHz,f2nd 
unless othenwise noted. All measurements performed in the test circuit of Figure 1 .) 



Characteristic 


Condition 


Symbol 


Min 


Typ 


Max 


Unit 


Total Drain Current 


No Input Signal 


Ice 


— 


4.0 


6.0 


mAdc 


Sensitivity (Input for 12 dB SI NAD) 


Matched Input 


VSIN 


— 


1.0 


— 


p-Vrms 


Recovered Audio 
MCI 31 35 
MCI 31 36 


VRF=1.0mV 


AFo 


170 
215 


220 
265 


270 
315 


mVrms 


Limiter Output Level 
(Pin 14, MCI 31 36) 




Vlim 


_ 


130 


_ 


mVrms 


1st Mixer Conversion Gain 


VRF = -40dBm 


MXgainI 


— 


12 


— 


dB 


2nd Mixer Conversion Gain 


VRF = -40dBm 


MXgain2 


— 


13 


— 


dB 
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TEST CIRCUIT INFORMATION 

Although the MC13136 can be operated with a ceramic 
discriminator, the recovered audio measurements for both the 
i\/IC13135 and I\/1C13136 are made with an LC quadrature 
detector. The typical recovered audio will depend on the 
external circuit; either the Q of the quad coil, or the RC 
matching network for the ceramic discriminator. On the 
MC13136, an external capacitor between Pins 13 and 14 can 
be used with a quad coil for slightly higher recovered audio. 



See Figures 10 through 13 for additional information. 

Since adding a matching circuit to the RF input increases the 
signal level to the mixer, the third order intercept (TOI) point is 
better with an unmatched input (50 Q from Pin 21 to Pin 22). 
Typical values for both have been included in the Electrical 
Characterization Table. TOI measurements were taken at the 
pins with a high impedance probe/spectrum analyzer system. 
The first mixer input impedance was measured at the pin with a 
network analyzer. 



Figure 1a. MCI 31 35 Test Circuit 
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Figure 1b. MC13136 Quad Detector Test Circuit 




MC13135.MC13136 
2-144 



MOTOROLA COMMUNICATIONS DEVICE DATA 



6.0 



Figure 2. Supply Current versus Supply Voltage 
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Figure 3. RSSI Output versus RF Input 
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Figure 4. Varactor Capacitance, Resistance 
versus Bias Voltage 



Figure 5. Oscillator Frequency 
versus Varactor Bias 
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Figure 6. Signal Levels versus RF Input 
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Figure 8. Op Amp Gain and Phase 
versus Frequency 





"^- 


-^ 








^ 








Gain'*, 


:., 




\i Phase 










\ 




\ 














"v. 


> 


















\^ 
















\ 



100 k 



1.0 M 
f, FREQUENCY (Hz) 



10M 



o 

240 uj 



Figure 9. First l\/lixer Third Order Intermodulation 
(Unmatched Input) 
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Figure 10. Recovered Audio versus 
Deviation for !\/IC13135 
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Figure 11. Distortion versus 
Deviation for I\/1C13135 
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Figure 12. Recovered Audio versus 
Deviation for l\/IC1 31 36 
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Figure 13. Distortion versus 
Deviation for l\/IC1 31 36 
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CIRCUIT DESCRIPTION 



The MC13135/13136 are complete dual conversion 
receivers. They include two local oscillators, two mixers, a 
limiting IF amplifier and detector, and an op amp. Both provide 
a voltage buffered RSSI with 70 dB of usable range, isolated 
tuning diode and buffered LO output for PLL operation, and a 
separate Vcc P'^ ^or the first mixer and LO. Improvements 
have been made in the temperature performance of both the 
recovered audio and the RSSI. 

Vcc 

Two separate VcQ lines enable the first LO and mixer to 
continue running while the rest of the circuit is powered down. 
They also isolate the RF from the rest of the internal circuit. 
Local Oscillators 

The local oscillators are grounded collector Colpitts, which 
can be easily crystal-controlled or VCO controlled with the 
on-board varactor and external PLL. The first LO transistor is 
internally biased, but the emitter is pinned-out and Iq can be 
increased for high frequency or VCO operation. The collector is 
not pinned out, so for crystal operation, the LO is generally 
limited to 3rd overtone crystal frequencies; typically around 60 
MHz. For higher frequency operation, the LO can be provided 
externally as shown in Figure 16. 
Buffer 

The buffer on the 1st LO output converts the single-ended 
LO output to a differential signal to drive the mixer. Capacitive 
coupling between the LO and buffer minimizes the effects of 
the change in oscillator current on the mixer. The buffered LO 
output is pinned-out for use with a PLL, with a typical output 
voltage of 320 mVp-p at VcQ = 4.0 V and with a 5.1 k resistor 
from Pin 3 to ground. As seen in Figure 14, the buffered LO 
output varies with the supply voltage and a smaller external 
resistor may be needed for low voltage operation. The LO 
buffer operates up to 60 MHz, typically. 



Figure 14. Buffered LO Output Voltage 
versus Supply Voltage 
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Mixers 

The first and second mixer are of similar design. Both are 
double balanced to suppress the LO and input frequencies to 
give only the sum and difference frequencies out. This 
configuration typically provides 40 to 60 dB of LO suppression. 
New design techniques provide improved mixer linearity and 
third order intercept without increased noise. The gain on the 
output of the 1st mixer starts to roll off at about 20 MHz, so this 
receiver could be used with a 21 MHz first IF. It is designed for 
use with a ceramic filter, with an output impedance of 330 Q. A 
series resistor can be used to raise the impedance for use with 
a crystal filter, which typically has an input impedance of 4.0 
kQ. The second mixer input impedance is approximately 4.0 
kQ; it requires an external 360 Q parallel resistor for use with a 
standard ceramic filter. 

Limiting IF Amplifier and Detector 

The limiter has approximately 110 dB of gain, which starts 
rolling off at 2.0 MHz. Although not designed for wideband 
operation, the bandwidth of the audio frequency amplifier has 
been widened to 50 kHz, which gives less phase shift and 
enables the receiver to run at higher data rates. However, care 
should be taken not to exceed the bandwidth allowed by local 
regulations. 

The MCI 31 35 is designed for use with an LC quadrature 
detector, and does not have sufficient drive to be used with a 
ceramic discriminator. The MCI 31 36 was designed to use a 
ceramic discriminator, but can also be run with an LC quad coil, 
as mentioned in the Test Circuit Information section. The data 
shown in Figures 12 and 13 was taken using a muRata 
FX2577 ceramic discriminator which has been specially 
matched to the MCI 31 36. Both the choice of discriminators 
and the external matching circuit will affect the distortion and 
recovered audio. 

RSSI/Op Amp 

The Received Signal Strength Indicator (RSSI) on the 
MCI 31 35/1 31 36 has about 70 dB of range. The resistor 
needed to translate the RSSI current to a voltage output has 
been included on the internal circuit, which gives it a tighter 
tolerance. A temperature compensated reference current also 
improves the RSSI accuracy over temperature. On the 
MCI 31 36, the op amp on board is connected to the output to 
provide a voltage buffered RSSI. On the MCI 31 35, the op amp 
is not connected internally and can be used for the RSSI or as 
a data slicer (see Figures 17c and 20b). 
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Figure 15. PLL Controlled Narrowband FM Receiver at 46/49 MHz 
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Figure 16. 144 MHz Single Channel Application Circuit 
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Figure 17a. Single Channel Narrowband FM Receiver at 49.7 MHz 
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Figure 17b. PC Board Component View 
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NOTES: 1. 0.2 p.H tunable (unshielded) inductor 

2. 39 MHz Series mode resonant 
3rd Overtone Crystal 

3. 1.5 nH tunable (shielded) inductor 

4. 10.245 MHz Fundamental mode crystal, 
32 pF load 

5. 455 kHz ceramic filter, muRata CFU 455B 
or equivalent 

6. Quadrature coil, Toko 7MC-8128Z (7mm) 
or Toko RMC-2A6597HM (10mm) 

7. 10.7 MHz ceramic filter, muRata SFE10.7MJ-A 
or equivalent 



Figure 17c. Optional Data Slicer Circuit 

(Using Internal Op Amp) 
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Figure 18. PC Board Solder Side View 




(Circuit Side View) 



Figure 19. PC Board Component View 
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Figure 20a. Single Channel Narrowband FM Receiver at 49.7 MHz 
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Figure 20b. Optional Audio Amplifier Circuit 
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Figure 21. MC13135 Internal Schematic 
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Figure22. MC13136 Internal Schematic 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Advance Information 
Wideband FM IF 

The MC13155 is a complete wideband FM detector designed for 
satellite TV and other wideband data and analog FM applications. This 
device may be cascaded for higher IF gain and extended Receive 
Signal Strength Indicator (RSSI) range. 

• 12 MHz Video/Baseband Demodulator 

• Ideal for Wideband Data and Analog FM Systems 

• Limlter Output for Cascade Operation 

• Low Drain Current: 7.0 mA 

• Low Supply Voltage: 3.0 to 6.0 V 

• Operates to 300 MHz 

MAXIMUM RATINGS 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage 


11,14 


VEE(max) 


6.5 


Vdc 


Input Voltage 


1,16 


Vin 


1.0 


Vmis 


Junction Temperature 


— 


Tj 


+150 


"C 


Storage Temperature Range 


- 


Tstg 


-65 to +150 


oQ 



NOTE: Devices should not be operated at or outside tliese values. The "Recommended Operating 
Conditions" provide for actual device operation. 



Simplified Block Diagram 
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NOTE: This device requires careful layout and decoupling to ensure stable operation. 
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ORDERING INFORMATION 



Device 


Temperature 
Range 


Paclcage 


MC13155D 


-40°to + 85°C 


SO-16 



This document contains infomiation on a new product. Specifications and infomriation herein are subject to change without notice. 
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RECOMMENDED OPERATING CONDITIONS 



Rating 


Pin 


Symbol 


Value 


Unit 


Power Supply Voltage (Ta= 25*'C) 
-40''C^Ta^85°C 


11,14 
3,6 


Vee 
vcc 


- 3.0 to - 6.0 
Grounded 


Vdc 


Maximum Input Frequency 


1,16 


fin 


300 


MHz 


Ambient Temperature Range 


— 


Tj 


- 40 to + 85 


°C 



DC ELECTRICAL CHARACTERISTICS (Ta=25°C 


, no input signal.) 










Characteristic 


Pin 


Symbol 


Min 


Typ 


IVIax 


Unit 


Drain Current 
(Vee = -5.0 Vdc) 
(Vee = - 5.0 Vdc) 


11 
14 
14 


hi 

Il4 
Il4 


2.0 
3.0 
3.0 


2.8 
4.3 
4.3 


4.0 
6.0 
6.0 


mA 


Drain Current Total (see Figure 3) 
(Vee = -5.0 Vdc) 
(Vee = -6.0 Vdc) 

(Vee = -3.0 Vdc) 


11,14 


'Total 


5.0 
5.0 
5.0 
4.7 


7.1 
7.5 
7.5 
6.6 


10 
10.5 
10.5 
9.5 


mA 



AC ELECTRICAL CHARACTERISTICS (Ta = 25°C, f if = 70 MHz, Vee = - 5.0 Vdc Figure 2, unless othen/vise noted.) 



Ctiaracteristic 


Pin 


IVIin 


Typ 


Max 


Unit 


Input for - 3 dB Limiting Sensitivity 


1,16 


— 


1.0 


2.0 


mVrms 


Differential Detector Output Voltage (Vjn = 1 mVmns) 
(fdev = ±3.0MHz) (Vee = - 6.0 Vdc) 
(Vee = -5.0 Vdc) 

(Vee = -3.0 Vdc) 


4,5 


470 
450 
380 


590 
570 
500 


700 
680 
620 


mVp.p 


Detector DC Offset Voltage 


4,5 


-250 


- 


250 


mVdc 


RSSI Slope 


13 


1.4 


2.1 


2.8 


[lA/dB 


RSSI Dynamic Range 


13 


31 


35 


39 


dB 


RSSI Output 
(V|n = 100^Vmis) 
(Vin = 1.0mVrms) 
(Vin = 10mVrms) 
(Vin = 100mVrms) 
(Vjn = 500 mVrms) 


12 


16 


2.1 
2.4 
24 
65 
75 


36 


ha 


RSSI Buffer Maximum Output Current (Vjn = 1 mVrms) 


13 


— 


2.3 


— 


mAdc 


Differential Limlter Output 
(Vin = 1.0mVrms) 
(V,n = 10mVrms) 


7,10 


100 


140 
180 


- 


mVrms 


Demodulator Video 3.0 dB Bandwidth 


4,5 


— 


12 


— 


MHz 


Input Impedance (Figure 14) 
@ 70 MHz Rp (Vee = - 5.0 Vdc) 
Cp(C2=Ci5 = 100p) 


1,16 


- 


450 
4.8 


- 


PF 


Differential 1 F Power Gain 


1,7,10,16 


- 


46 


- 


dB 



NOTE: Positive currents are out of the pins of the device. 
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CIRCUIT DESCRIPTION 



The MC13155 consists of a wideband three-stage limiting 
amplifier, a wideband quadrature detector which may be 
operated up to 200 MHz, and a received signal strength 



indicator (RSSI) circuit which provides a current output 
linearly proportional to the IF input signal level for 
approximately 35 dB range of input level. 



Figure 2. Test Circuit 
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APPLICATION INFORIVIATiON 



Evaluation PC Board 

The evaluation PCB shown in Figures 1 9 and 20 is very 
versatile and is designed to cascade two ICs. The center 
section of the board provides an area for attaching all surface 
mount components to the circuit side and radial leaded 
components to the component ground side of the PCB (see 
Figures 17 and 18). Additionally, the peripheral area 
surrounding the RF core provides pads to add supporting 
and interface circuitry as a particular application dictates. 
This evaluation board will be discussed and referenced in 
this section. 

Limiting Amplifier 

Differential input and output ports Interfacing the three 
stage limiting amplifier provide a differential power gain of 
typically 46 dB and useable frequency range of 300 MHz. 



The IF gain flatness may be controlled by decoupling of the 
internal feedback network at Pins 2 and 1 5. 

Scattering parameter (S-parameter) characterization of the 
IF as a two port linear amplifier is useful to implement 
maximum stable power gain, input matching, and stability over 
a desired bandpass response and to ensure stable operation 
outside the bandpass as well. The MCI 31 55 is unconditionally 
stable over most of its useful operating frequency range; 
however. It can be made unconditionally stable over its entire 
operating range with the proper decoupling of Pins 2 and 1 5. 
Relatively small decoupling capacitors of about 100 pF have 
a significant effect on the wideband response and stability. 
This is shown in the scattering parameter tables where 
S-parameters are shown for various values of C2 and CI 5 and 
at Vee of - 3.0 and - 5.0 Vdc. 
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TYPICAL PERFORMANCE AT TEMPERATURE 
(See Figure 2. Test Circuit) 
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Figure 3. Drain Current versus Supply Voltage 
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Figure 4. RSSI Output versus Frequency and 
Input Signal Level 
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Figure 5. Total Drain Current versus Ambient 
Temperature and Supply Voltage 
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Figure 6. Detector Drain Current and Limiter Drain 
Current versus Ambient Temperature 
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Figure 7. RSSI Output versus Ambient 
Temperature and Supply Voltage 




-50 -30 -10 10 30 50 70 
Ta, ambient TEMPERATURE ("C) 



Figure 8. RSSI Output versus Input Signal Voltage 

(Vjn at Temperature) 
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Figure 9. Differential Detector Output Voltage versus 
Ambient Temperature and Supply Voltage 
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Figure 10. Differential Limiter Output Voltage versus 
Ambient Temperature (Vjn = 1 and 1 mVrms) 
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Figure 11 A. Differential Detector Output Voltage 
versus O of Quadrature LC Tank 
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Figure 11 B. Differential Detector Output Voltage 
versus of Quadrature LC Tank 
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Figure 12. RSSI Output Voltage versus IF Input 
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In the S-parameters measurements, the IF is treated as a 
two-port linear class A amplifier. The IF amplifier is measured 
with a single-ended input and output configuration in which 
the Pins 16 and 7 are terminated in the series combination of 
a 47 J^ resistor and a 10 nF capacitor to Vcc ground (see 
Figure 11- S-Parameter Test Circuit). 

The S-parameters are In polar form as the magnitude 
(MAG) and angle (ANG). Also listed in the tables are the 
calculated values for the stability factor (K) and the Maximum 



Available Gain (MAG). These terms are related in the 
following equations: 

K = (1-IS11 |2-IS22|2 + IA|2)/(2IS12S21 I) 
where: I A I = I Sn S22 - S12 S21 I. 

MAG = 10 log I S21 I / 1 S12 I + 10 log I K - ( K2 - 1)1/2 | 
where: K > 1. The necessary and sufficient conditions for 
unconditional stability are given as K > 1 : 

B1=1+IS11 |2-IS22l2-lA|2>0 
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SMA I.On 



Figure 14. S-Parameter Test Circuit 
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S-Parameters (Vee = - 5.0 Vdc, Ta = 25°C, C2 and C15 = pF) 



Frequency 


Input S11 


Forward S21 


Rev SI 2 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 


0.94 


-13 


8.2 


143 


0.001 


7.0 


0.87 


-22 


2.2 


32 


2.0 


0.78 


-23 


23.5 


109 


0.001 


-40 


0.64 


-31 


4.2 


33.5 


5.0 


0.48 


1.0 


39.2 


51 


0.001 


-97 


0.34 


-17 


8.7 


33.7 


7.0 


0.59 


15 


40.3 


34 


0.001 


-41 


0.33 


-13 


10.6 


34.6 


10 


0.75 


17 


40.9 


19 


0.001 


-82 


0.41 


-1.0 


5.7 


36.7 


20 


0.95 


7.0 


42.9 


-6.0 


0.001 


-42 


0.45 





1.05 


46.4 


50 


0.98 


-10 


42.2 


-48 


0.001 


-9.0 


0.52 


-3.0 


0.29 


— 


70 


0.95 


-16 


39.8 


-68 


0.001 


112 


0.54 


-16 


1.05 


46.4 


100 


0.93 


-23 


44.2 


-93 


0.001 


80 


0.53 


-22 


0.76 


— 


150 


0.91 


-34 


39.5 


-139 


0.001 


106 


0.50 


-34 


0.94 


— 


200 


0.87 


-47 


34.9 


-179 


0.002 


77 


0.42 


-44 


0.97 


— 


500 


0.89 


-103 


11.1 


-58 


0.022 


57 


0.40 


-117 


0.75 


— 


700 


0.61 


-156 


3.5 


-164 


0.03 





0.52 


179 


2.6 


13.7 


900 


0.56 


162 


1.2 


92 


0.048 


-44 


0.47 


112 


4.7 


4.5 


1000 


0.54 


131 


0.8 


42 


0.072 


-48 


0.44 


76 


5.1 


0.4 


S-Parameters (Vee = - 5.0 Vdc, Ta = 25°C, C2 and Ci 5 = 1 00 pF) 


Frequency 


Input S11 


Forward S21 


RevS12 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 ■ 


0.98 


-15 


11.7 


174 


0.001 


-14 


0.84 


-27 


1.2 


37.4 


2.0 


0.50 


-2.0 


39.2 


85.5 


0.001 


-108 


0.62 


-35 


6.0 


35.5 


5.0 


0.87 


8.0 


39.9 


19 


0.001 


100 


0.47 


-9.0 


4.2 


39.2 


7.0 


0.90 


5.0 


40.4 


9.0 


0.001 


-40 


0.45 


-8.0 


3.1 


40.3 


10 


0.92 


3.0 


41 


1.0 


0.001 


-40 


0.44 


-5.0 


2.4 


41.8 


20 


0.92 


-2.0 


42.4 


-14 


0.001 


-87 


0.49 


-6.0 


2.4 


41.9 


50 


0.91 


-8.0 


41.2 


-45 


0.001 


85 


0.50 


-5.0 


2.3 


42 


70 


0.91 


-11 


39.1 


-63 


0.001 


76 


0.52 


-4.0 


2.2 


41.6 


100 


0.91 


-15 


43.4 


-84 


0.001 


85 


0.50 


-11 


1.3 


43.6 


150 


0.90 


-22 


38.2 


-126 


0.001 


96 


0.43 


-22 


1.4 


41.8 


200 


0.86 


-33 


35.5 


-160 


0.002 


78 


0.43 


-21 


1.3 


39.4 


500 


0.80 


-66 


8.3 


-9.0 


0.012 


75 


0.57 


-63 


1.7 


23.5 


700 


0.62 


-96 


2.9 


-95 


0.013 


50 


0.49 


-111 


6.3 


12.5 


900 


0.56 


-120 


1.0 


-171 


0.020 


53 


0.44 


-150 


13.3 


2.8 


1000 


0.54 


-136 


0.69 


154 


0.034 


65 


0.44 


-179 


12.5 


-0.8 
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S-Parameters (Vee = - 5.0 Vdc, Ta = 


25°C, C2 and C15 = 680 pF) 












Frequency 


Input S11 


Forward S21 


Rev S12 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 


0.74 


4.0 


53.6 


110 


0.001 


101 


0.97 


-35 


0.58 


— 


2.0 


0.90 


3.0 


70.8 


55 


0.001 


60 


0.68 


-34 


1.4 


45.6 


5.0 


0.91 





87.1 


21 


0.001 


-121 


0.33 


-60 


1.1 


49 


7.0 


0.91 





90.3 


11 


0.001 


-18 


0.25 


-67 


1.2 


48.4 


10 


0.91 


-2.0 


92.4 


2.0 


0.001 


33 


0.14 


-67 


1.5 


47.5 


20 


0.91 


-4.0 


95.5 


-16 


0.001 


63 


0.12 


-15 


1.3 


48.2 


50 


0.90 


-8.0 


89.7 


-50 


0.001 


-43 


0.24 


26 


1.8 


46.5 


70 


0.90 


-10 


82.6 


-70 


0.001 


92 


0.33 


21 


1.4 


47.4 


100 


0.91 


-14 


77.12 


-93 


0.001 


23 


0.42 


-1.0 


1.05 


49 


150 


0.94 


-20 


62.0 


-122 


0.001 


96 


0.42 


-22 


0.54 


— 


200 


0.95 


-33 


56.9 


-148 


0.003 


146 


0.33 


-62 


0.75 


— 


500 


0.82 


-63 


12.3 


-12 


0.007 


79 


0.44 


-67 


1.8 


26.9 


700 


0.66 


-98 


3.8 


-107 


0.014 


84 


0.40 


-115 


4.8 


14.6 


900 


0.56 


-122 


1.3 


177 


0.028 


78 


0.39 


-166 


8.0 


4.7 


1000 


0.54 


-139 


0.87 


141 


0.048 


76 


0.41 


165 


7.4 


0.96 


S-Parameters (Vee = - 3-0 Vdc, Ta = 


25°C, C2andCi5 = 0pF) 








Frequency 


Input S11 


Forward S21 


RevS12 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 


0.89 


-14 


9.3 


136 


0.001 


2.0 


0.84 


-27 


3.2 


30.7 


2.0 


0.76 


-22 


24.2 


105 


0.001 


-90 


0.67 


-37 


3.5 


34.3 


5.0 


0.52 


5.0 


35.7 


46 


0.001 


-32 


0.40 


-13 


10.6 


33.3 


7.0 


0.59 


12 


38.1 


34 


0.001 


-41 


0.40 


-10 


9.1 


34.6 


10 


0.78 


15 


37.2 


16 


0.001 


-92 


0.40 


-1.0 


5.7 


36.3 


20 


0.95 


5.0 


38.2 


-9.0 


0.001 


47 


0.51 


-4.0 


0.94 


— 


50 


0.96 


-11 


39.1 


-50 


0.001 


-103 


0.48 


-6.0 


1.4 


43.7 


70 


0.93 


-17 


36.8 


-71 


0.001 


-76 


0.52 


-13 


2.2 


41.4 


100 


0.91 


-25 


34.7 


-99 


0.001 


-152 


0.51 


-19 


3.0 


39.0 


150 


0.86 


-37 


33.8 


-143 


0.001 


53 


0.49 


-34 


1.7 


39.1 


200 


0.81 


-49 


27.8 


86 


0.003 


76 


0.55 


-56 


2.4 


35.1 


500 


0.70 


-93 


6.2 


-41 


0.015 


93 


0.40 


-110 


2.4 


19.5 


700 


0.62 


-144 


1.9 


-133 


0.049 


56 


0.40 


-150 


3.0 


8.25 


900 


0.39 


-176 


0.72 


125 


0.11 


-18 


0.25 


163 


5.1 


-1.9 


1000 


0.44 


166 


0.49 


80 


0.10 


-52 


0.33 


127 


7.5 


-4.8 
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S-Parameters (Vee = - 3.0 Vdc, Ta = 25°C, C2 and C15 = 100 pF) 



Frequency 


input S11 


Forward S21 


RevS12 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 


0.97 


-15 


11.7 


171 


0.001 


-4.0 


0.84 


-27 


1.4 


36.8 


2.0 


0.53 


2.0 


37.1 


80 


0.001 


-91 


0.57 


-31 


6.0 


34.8 


5.0 


0.88 


7.0 


37.7 


18 


0.001 


-9.0 


0.48 


-7.0 


3.4 


39.7 


7.0 


0.90 


5.0 


37.7 


8.0 


0.001 


-11 


0.49 


-7.0 


2.3 


41 


10 


0.92 


2.0 


38.3 


1.0 


0.001 


-59 


0.51 


-9.0 


2.0 


41.8 


20 


0.92 


-2.0 


39.6 


-15 


0.001 


29 


0.48 


-3.0 


1.9 


42.5 


50 


0.91 


-8.0 


38.5 


-46 


0.001 


-21 


0.51 


-7.0 


2.3 


41.4 


70 


0.91 


-11 


36.1 


-64 


0.001 


49 


0.50 


-8.0 


2.3 


40.8 


100 


0.91 


-15 


39.6 


-85 


0.001 


114 


0.52 


-13 


1.7 


37.8 


150 


0.89 


-22 


34.4 


-128 


0.001 


120 


0.48 


-23 


1.6 


40.1 


200 


0.86 


-33 


32 


-163 


0.002 


86 


0.40 


-26 


1.7 


37.8 


500 


0.78 


-64 


7.6 


-12 


0.013 


94 


0.46 


-71 


1.9 


22.1 


700 


0.64 


-98 


2.3 


-102 


0.027 


58 


0.42 


-109 


4.1 


10.1 


900 


0.54 


-122 


0.78 


179 


0.040 


38.6 


0.35 


-147 


10.0 


-0.14 


1000 


0.53 


-136 


0.47 


144 


0.043 


23 


0.38 


-171 


15.4 


-4.52 


S-Parameters (Vee = - 3.0 Vdc, Ta = 25°C, C2 and Ci 5 = 680 pF) 


Frequency 


Input S11 


Forward S21 


Rev SI 2 


Output S22 


K 


MAG 


MHz 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


ANG 


MAG 


dB 


1.0 


0.81 


3.0 


37 


101 


0.001 


-19 


0.90 


-32 


1.1 


43.5 


2.0 


0.90 


2.0 


47.8 


52.7 


0.001 


-82 


0.66 


-39 


0.72 


— 


5.0 


0.91 





58.9 


20 


0.001 


104 


0.37 


-56 


2.3 


44 


7.0 


0.90 


-1 


60.3 


11 


0.001 


-76 


0.26 


-55 


2.04 


44 


10 


0.91 


-2.0 


61.8 


3.0 


0.001 


105 


0.18 


-52 


2.2 


43.9 


20 


0.91 


-4.0 


63.8 


-15 


0.001 


59 


0.11 


-13 


2.0 


44.1 


50 


0.90 


-8.0 


60.0 


-48 


0.001 


96 


0.22 


33 


2.3 


43.7 


70 


0.90 


-11 


56.5 


-67 


0.001 


113 


0.29 


15 


2.3 


43.2 


100 


0.91 


-14 


52.7 


-91 


0.001 


177 


0.36 


5.0 


2.0 


43 


150 


0.93 


-21 


44.5 


-126 


0.001 


155 


0.35 


-17 


1.8 


42.7 


200 


0.90 


-43 


41.2 


-162 


0.003 


144 


0.17 


-31 


1.6 


34.1 


500 


0.79 


-65 


7.3 


-13 


0.008 


80 


0.44 


-75 


3.0 


22 


700 


0.65 


-97 


2.3 


-107 


0.016 


86 


0.38 


-124 


7.1 


10.2 


900 


0.56 


-122 


0.80 


174 


0.031 


73 


0.38 


-174 


12 


0.37 


1000 


0.55 


-139 


0.52 


137 


0.50 


71 


0.41 


157 


11.3 


-3.4 
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DC Biasing Considerations 

The DC biasing scheme utilizes two Vcc connections 
(Pins 3 and 6) and two Vee connections (Pins 14 and 11). 
Vee1 (Pin 14) is connected internally to the IF and RSSI 
circuits' negative supply bus while Vee2 (Pin 11) is connected 
internally to the quadrature detector's negative bus. Under 
positive ground operation, this unique configuration offers the 
ability to bias the RSSI and IF separately from the quadrature 
detector. When two ICs are cascaded as shown in the 70 
MHz application circuit and provided by the PCB (see Figures 
17 and 18), the first MCI 31 55 is used without biasing its 
quadrature detector, thereby saving approximately 3.0 mA. A 
total current of 7.0 mA is used to fully bias each IC, thus the 
total current in the application circuit is approximately 11 mA. 
Both Vcc pins are biased by the same supply. Vcc"! (Pin 3) 's 
connected internally to the positive bus of the first half of the 
IF limiting amplifier, while Vcc2 Is internally connected to the 
positive bus of the RSSI, the quadrature detector circuit, and 
the second half of the IF limiting amplifier (see Figure 15). 
This distribution of the Vqc enhances the stability of the IC. 
RSSI Circuitry 

The RSSI circuitry provides typically 35 dB of linear 
dynamic range and its output voltage swing is adjusted by 
selection of the resistor from pin 1 2 to Vee- The RSSI slope is 



typically 2.1 nA/dB ; thus, for a dynamic range of 35 dB, the 
current output Is approximately 74 jiA. A 47 k resistor will 
yield a RSSI output voltage swing of 3.5 Vdc. The RSSI 
buffer output at Pin 13 is an emitter-follower and needs an 
external emitter resistor of 10 k to Vee- 

In a cascaded configuration (see circuit application in 
Figure 16), only one of the RSSI Buffer outputs (Pin 13) is 
used; the RSSI outputs (Pin 12 of each IC) are tied together 
and the one closest to the Vee supply trace is decoupled 
to Vcc ground. The two pins are connected to Vee through 
a 47 k resistor. This resistor sources a RSSI current which 
is proportional to the signal level at the IF input; typically, 
1.0 mVrms (-47 dBm) is required to place the MCI 31 55 
into limiting. The measured RSSI output voltage response 
of the application circuit Is shown in Figure 12. Since the 
RSSI current output Is dependent upon the input signal level 
at the IF Input, a careful accounting of filter losses, matching 
and other losses and gains must be made in the entire 
receiver system. In the block diagram of the application 
circuit shown below, an accounting of the signal levels at 
points throughout the system shows how the RSSI 
response in Figure 12 is justified. 



Blocl( Diagram of 70 l\1l-lz Video Receiver Application Circuit 
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Cascading Stages 

The limiting IF output is pinned-out differentially, 
cascading is easily achieved by AC coupling stage to 
stage. In the evaluation PCB, AC coupling is shown, 
however, interstage filtering may be desirable in some 
applications. In which case, the S-parameters provide a 
means to implement a low loss interstage match and better 
receiver sensitivity. 

Where a linear response of the RSSI output Is desired 
when cascading the ICs, it is necessary to provide at least 
10 dB of interstage loss. Figure 12 shows the RSSI response 
with and without interstage loss. A 15 dB resistive attenuator 
is an inexpensive way to linearize the RSSI response. This 
has its drawbacks since it is a wideband noise source that is 
dependent upon the source and load impedance and the 
amount of attenuation that it provides. A better, although 
more costly, solution would be a bandpass filter designed to 
the desired center frequency and bandpass response while 



carefully selecting the insertion loss. A network topology 
shown below may be used to provide a bandpass response 
with the desired insertion loss. 

Network Topology 



0.22^1 




I.On 
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Quadrature Detector 

The quadrature detector is coupled to the IF with internal 
2.0 pF capacitors between Pins 7 and 8 and Pins 9 and 10. 
For wideband data applications, such as FM video and 
satellite receivers, the drive to the detector can be Increased 
with additional external capacitors between these pins, thus, 
the recovered video signal level output is increased for a 
given bandwidth (see Figure 11 A and Figure 11B). 

The wideband performance of the detector is controlled by 
the loaded Q of the LC tank circuit. The following equation 
defines the components which set the detector circuit's 
bandwidth: 

Q = Rt/Xl (1) 

where: Rj is the equivalent shunt resistance across the LC 
Tank and Xl is the reactance of the quadrature inductor at the 
IF frequency (Xi_ = 27cfL). 

The inductor and capacitor are chosen to form a resonant 
LC Tank with the PCB and parasitic device capacitance at the 
desired IF center frequency as predicted by: 

fc = (27tV(LCp))-1 (2) 

where: L is the parallel tank inductor and Cp is the equivalent 
parallel capacitance of the parallel resonant tank circuit. 

The following is a design example for a wideband 
detector at 70 MHz and a loaded Q of 5. The loaded Q of 
the quadrature detector is chosen somewhat less than the 
Q of the IF bandpass. For an IF frequency of 70 MHz and 
an IF bandpass of 10.9 MHz, the IF bandpass Q Is 
approximately 6.4. 

Example: 

Let the external Cext = 20 pF. (The minimum value here 
should be greater than 15 pF making it greater than the 
internal device and PCB parasitic capacitance, Cint « 3.0 pF). 

Cp = Cint + Cext = 23 pF 

Rewrite Equation 2 and solve for L: 

L = (0.159)2 /(Cpfc2) 

L = 198 nH, thus, a standard value is chosen. 

L = 0.22 ^iH (tunable shielded inductor). 



The value of the total damping resistor to obtain the 
required loaded Q of 5 can be calculated by rearranging 
Equation 1 : 

RT = Q(27ifL) 

Rj = 5 (27i)(70)(0.22) = 483.8 a 

The internal resistance, Rint between the quadrature tank 
Pins 8 and 9 is approximately 3200 Q. and is considered in 
determining the external resistance, Rext which is 
calculated from: 

Rext = ((RT)(Rint))/ (Rint - Rj) 

Rext = 570, thus, choose the standard value. 

Rext =560 Q. 

SAW Filter 

In wideband video data applications, the IF occupied 
bandwidth may be several MHz wide. A good rule of thumb is 
to choose the IF frequency about 10 or more times greater 
than the IF occupied bandwidth. The IF bandpass filter is a 
SAW filter in video data applications where a very selective 
response is needed (i.e., very sharp bandpass response). 
The evaluation PCB is laid out to accommodate two SAW 
filter package types: 1) A five-leaded plastic SIP package. 
Recommended part numbers are Siemens X6950M which 
operates at 70 MHz; 10.4 MHz 3 dB passband, X6951M 
(X252.8) which operates at 70 MHz; 9.2 MHz 3 dB passband; 
and X6958M which operates at 70 MHz, 6.3 MHz 3 dB 
passband, and 2) A four-leaded TO-39 metal can package. 
Typical insertion loss In a wide bandpass SAW filter is 25 dB. 

The above SAW filters require source and load 
impedances of 50 Q, to assure stable operation. On the PC 
board layout, space is provided to add a matching network, 
such as a 1 :4 surface mount transformer between the SAW 
filter output and the input to the MCI 31 55. A 1 :4 transformer, 
made by Coilcraft and Mini Circuits, provides a suitable 
interface (see Figures 16, 17 and 18). In the circuit and 
layout, the SAW filter and the MC13155 are differentially 
configured with interconnect traces which are equal in length 
and symmetrical. This balanced feed enhances RF stability, 
phase linearity, and noise performance. 
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Figure 16. 70 MHz Video Receiver Application Circuit 
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Figure 17. Component Placement (Circuit Side) 
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Figure 18. Component Placement (Ground Side) 
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Figure 19. Circuit Side View 
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Figure 20. Ground Side View 
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TECHNICAL DATA 

Product Preview 
Wideband FM IF System 

The MC13156 is a wideband FM IF subsystem targeted at high 
performance data and analog applications. Excellent high frequency 
performance is achieved, with low cost, through use of Motorola's 
MOSAIC 1.5™ RF bipolar process. The MC13156 has an onboard 
Colpitts VCO for PLL controlled multichannel operation. The mixer is 
useful to beyond 200 MHz and may be used in a differential, balanced, 
or single-ended configuration. The IF amplifier is split to accommodate 
two low cost cascaded filters. RSSI output is derived by summing the 
output of both IF sections. A precision data shaper has a hold function 
to preset the shaper for fast recovery of new data. 

Applications for the MC13156 include CT-2, wideband data links, and 
other radio systems utilizing GMSK, FSK or FM modulation. 

• 3.0 to 6.0 Vdc Operation 

• Typical Sensitivity at 200 MHz of 6.0 ^iV for 12 dB SINAD 

• RSSI Range of >70 dB 

• High Performance Data Shaper for Enhanced CT-2 Operation 

• Internal 330 Q Termination for 10.7 MHz Filters 

• Split IF for Improved Filtering and Extended RSSI Range 

• 3rd Order Intercept (Input) Target of -10 dBm 
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WIDEBAND FM IF SYSTEM 

for DIGITAL and 
ANALOG APPLICATIONS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




DW SUFFIX 

PLASTIC PACKAGE 

CASE 751 E 

(SO-24L) 



ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC13156DW 


-40°to + 85°C 


SO-24L 



Pin Connections and Block Diagram 
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This document contains infomriation on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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Advance Information 
UHF FM/AM Transmitter 

The MC13175 and MC13176 are one chip FM/AM transmitter subsystems 
designed for AM/FM communication systems. They include a Colpitts crystal 
reference oscillator, UHF oscillator, + 8 (MC13175) or ^ 32 (MC13176) 
prescaler and phase detector forming a versatile PLL system. Targeted 
applications are in the 260 to 470 MHz band and 902 to 928 MHz band covered 
by FCC Title 47; Part 15. Other applications include local oscillator sources in 
UHF and 900 MHz receivers, UHF and 900 MHz video transmitters, RF Local 
Area Networks (LANs), and high frequency clock drivers. The MC1 31 75/76 
offer the following features: 

• UHF Current Controlled Oscillator 

• Uses Easily Available 3rd Overtone or Fundamental Crystals for 
Reference 

• Fewer External Parts Required 

• Low Operating Supply Voltage (1 .8 to 5.0 Vdc) 

• Low Supply Drain Currents 

• Power Output Adjustable (Up to +10dBm) 

• Differential Output for Loop Antenna or Balun Transformer Networks 

• Power Down Feature 

• ASK Modulated by Switching Output On and Off 

• (MC13175) fo = 8 X fret; (MC13176) fo = 32 x fref 



Figure 1. Typical Application as 320 MHz AM Transmitter 
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NOTES: 1. 50 n coaxial balun, 1/10 wavelength at 320 MHz equals 1.5 Inches. 

2. Pins 5, 10 & 15 are ground and connected to V^g which is the confiponent/DC ground plane side of 
PCB. These pins must be decoupled to ^/qc'' decoupling capacitors should be placed as close as 
possible to the pins. 

3. The crystal oscillator circuit may be adjusted for frequency with the variable inductor (MCI 31 75); 
recommended source is Coilcraft "slot seven" 7mm tuneable inductor, Part #7M3-821 . 1 .Ok resistor. 
Shunting the crystal prevents it from oscillating in the fundamental mode. 
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PIN CONNECTIONS 
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^ OutGnd 
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ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC13175D 


- 40° to +85°C 


SO-16 


MC13176D 


SO-16 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS ( Ta = 25°C, unless otherwise noted.) 






Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


7.0 (max) 


Vdc 


Operating Supply Voltage Range 


vcc 


1.8 to 5.0 


Vdc 


Junction Temperature 


Tj 


+150 


°C 


Operating Ambient Temperature 


Ta 


-40 to + 85 


°C 


Storage Temperature 


Tstg 


-65 to +150 


°C 



ELECTRICAL CHARACTERISTICS (Figure 2; Vee = - 3.0 Vdc, Ta = 25°C, unless othenwise noted.)* 



Characteristic 


Pin 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Current (Power down: l-|i & l-|6 = 0) 


— 


lEEl 


-0.5 


— 


— 


^A 


Supply Current (Enable [Pin 11] to Vqc thru 30 k, lie = 0) 


— 


IeE2 


-18 


-14 


— 


mA 


Total Supply Current (Transmit Mode) 
(lmod = 2.0mA;fo = 320MHz) 


— 


lEE3 


-39 


-34 


— 


mA 


Differential Output Power (fo = 320 MHz; Vref [Pin 9] 
= 500mVp.p;fo = Nxfref) 
Imod = 2.0 mA (see Figure 7, 8) 
'mod = mA 


13&14 


Pout 


2.0 


+ 4.7 
-45 


- 


dBm 


Hold-in Range (±Afrefx N) 
MC13175 (see Figure 7) 
MC13176 (see Figure 8) 


13&14 


±AfH 


3.5 
4.0 


6.5 
8.0 


- 


MHz 


Phase Detector Output Error Current 
MCI 31 75 
MCI 31 76 


7 


'error 


20 
22 


25 
27 , 


- 


HA 


Oscillator Enable Time (see Figure 22b) 


11,8 


tenable 


— 


4.0 


— 


ms 


Amplitude Modulation Bandwidth (see Figure 24) 


16 


BWam 


— 


25 


— 


MHz 


Spurious Outputs (Imod = 2.0 mA) 
Spurious Outputs (Imod = ^^) 


13&14 
13&14 


Pson 
Psoff 





-50 
-50 





dBc 


Maximum Divider Input Frequency 
Maximum Output Frequency 


13&14 


fdiv 
to 


— 


950 
950 


— 


MHz 



• For testing purposes, Vcc is ground (see Figure 2). 
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Figure 2. 320 MHz Test Circuit 
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2. Pins 5, 10 and 15 are brought to the circuit side of the FOB via plated through holes. They are 
connected together with a trace on the RGB and each Pin is decoupled to Vcc (ground), 

3. Recommended source is Coilcraft "slot seven" Inductor, part number 7M3-821 . 
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PIN DESCRIPTIONS 



Pin 



Symbol 



Internal Equivalent 
Circuit 



Description/External 
Circuit Requirements 



1&4 



Osd, 
Osc4 




ceo Inputs 

The oscillator Is a current controlled type. An external oscillator 
coil is connected to Pins 1 and 4 which forms a parallel resonance 
LC tank circuit with the internal capacitance of the 
10 and with parasitic capacitance of the PC board. Three 
base-emitter capacitances in series configuration form the 
capacitance for the parallel tank. These are the base-emitters 
at Pins 1 and 4 and the base-emitter of the differential amplifier. 
The equivalent series capacitance in the differential amplifier is 
varied by the modulating current from the frequency control circuit 
(see Pin 6, internal circuit). A more thorough discussion 
is found in the Applications Information section. 



Vee 



Vee 

5 
Q 



Subcon 



Vee- 



Vee" 



Supply Ground (V^e) 

In the PCB layout, the ground pins (also applies to Pins 10 and 
15) should be connected directly to chassis ground. Decoupling 
capacitors to Vqc should be placed directly at 
the ground returns. 



'Cont 




Frequency Control 

For Vcc = 3.0 Vdc, the voltage at Pin 6 is approximately 1 .55 Vdc. 
The oscillator is current controlled by the error current from the 
phase detector. This current is amplified to drive the current 
source in the oscillator section which controls the frequency of the 
oscillator. Figures 9 and 10 show the Afosc versus lcont» Figure 5 
shows the Afosc versus Icont ^*~ 40°C, + 25°C and + 85°Cfor320 
MHz. The COO may be FM modulated as shown in Figure 17, 
r\/IC1 31 76 320 MHz FM Transmitter. A detailed discussion is found 
in the Applications Information section. 



PDout 




Phase Detector Output 

The phase detector provides + 30 ^lA to keep the 000 locked at 
the desired carrier frequency The output impedance of the phase 
detector is approximately 53 kQ. Under closed loop conditions 
there is a DO voltage which is dependent upon the free running 
oscillator and the reference oscillator frequencies. The circuitry 
between Pins 7 and 6 should be selected for adequate loop filter- 
ing necessary to stabilize and filter the loop response. Low pass 
filtering between Pin 7 and 6 is needed so that the corner frequen- 
cy Is well below the sum of the divider and the reference oscillator 
frequencies, but high enough to allow for fast response to keep 
the loop locked. Refer to the Applications Information section re- 
garding loop filtering and FM modulation. 



Xtale 




Crystal Oscillator Inputs 

The internal reference oscillator Is configured as a common 
emitter Oolpitts. It may be operated with either a fundamental 
or overtone crystal depending on the carrier frequency and the 
internal prescaler. Crystal oscillator circuits and specifications 
of crystals are discussed in detail in the applications section. 
With Vco = 3-0 Vdc, the voltage at Pin 8 is approximately 1 .8 Vdc 
and at Pin 9 is approximately 2.3 Vdc. 500 to 1000 mVp-p should 
be present at Pin 9. The Oolpitts is biased at 200 |iA; additional 
drive may be acquired by increasing the bias to approximately 500 
^lA. Use 6.2 k from Pin 8 to ground. 
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PIN DESCRIPTIONS 



Pin 



Symbol 



Internal Equivalent 
Circuit 



Description/External 
Circuit Requirements 



Xtalb 




Crystal Oscillator Inputs 

Tiie intemal reference oscillator is configured as a common 
emitter Colpltts. It may be operated with either a fundamental 
or overtone crystal depending on the carrier frequency and the 
internal prescaler. Crystal oscillator circuits and specifications 
of crystals are discussed in detail in the applications section. 
With Vcc = 3.0 Vdc, the voltage at Pin 8 is approximately 1 .8 Vdc 
and at Pin 9 is approximately 2.3 Vdc. 500 to 1000 mVp-p should 
be present at Pin 9. The Colpltts is biased at 200 ^lA; additional 
drive may be acquired by increasing the bias to approximately 500 
^A. Use 6.2 k from Pin 8 to ground. 



Reg. Gnd 



Enable 




10O- 
Reg. Gnd 



Regulator Ground 

An additional ground pin is provided to enhance the stability of the 
system. Decoupling to the Vcc (Rf^ ground) is essential; it should 
be done at the ground return for Pin 10. 

Device Enable 

The potential at Pin 11 is approximately 1.25 Vdc. When Pin 11 
is open, the transmitter is disabled in a power down mode and 
draws less than 1 .0 ^A Ice '^ the MOD at Pin 1 6 is also open (i.e., 
it has no current driving it). To enable the transmitter a current 
source of 10 ^lA to 90 ^lA is provided. Figures 3 and 4 show the 
relationship between Ice. Vcc ^^id Ireg. enable- Note that Ice 'sflat 
at approximately 1 mA for Ireg- enable = 5-0 to 1 00 ^lA (Imod = 0)- 



12 



Vcc 



Vcc 

T 

12 

Vcc 



Supply Voltage (Vqc) 

The operating supply voltage range is from 1 .8 Vdc to 5.0 Vdc. In 
the PCB layout, the Vcc trace must be kept as wide as possible to 
minimize inductive reactances along the trace; it is best to have it 
completely fill around the surface mount components and traces 
on the circuit side of the PCB. 



13&14 



Out 1 and 
Out 2 



15 



Out_Gnd 



16 



'mod 




Out_Gnd 



Differential Output 

The output is configured differentially to easily drive a loop 
antenna. By using a transformer or balun, as shown in the 
application schematic, the device may then drive an unbalanced 
low impedance load. Figure 6 shows how much the Output Power 
and Free-Running Oscillator Frequency change with temperature 
at 3.0 Vdc; Imod = 2-0 mA. 

Output Ground 

This additional ground pin provides direct access for the output 
ground to the circuit board V^e. 

AM Modulation/Power Output Level 

The DC voltage at this pin is 0.8 Vdc with the current source ac- 
tive. An external resistor is chosen to provide a source current of 
1 .0 to 3.0 mA, depending on the desired output power level at a 
given Vcc- Figure 23 shows the relationship of Power Output to 
IVIodulation Current, Imod- At Vcc = 3-0 Vdc, 3.5 dBm power output 
can be acquired with about 35 mA Icc- 

For Fl\/1 modulation. Pin 16 is used to set the desired output power 
level as described above. 

For AM modulation, the modulation signal must ride on a positive 
DC bias offset which sets a static (modulation off) modulation 
current. External circuitry for various schemes is further discussed 
in the Applications Information section. 
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Figure 3. Supply Current 
versus Supply Voltage 
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Figure 4. Supply Current versus 
Regulator Enable Current 
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Figure 5. Change Oscillator Frequency 
versus Oscillator Control Current 



Figure 6. Change in Oscillator Frequency and 
Output Power versus Ambient Temperature 
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Figure?. MC13175 Reference Oscillator 
Frequency versus Phase Detector Current 
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Figure 8. MC13176 Reference Oscillator 
Frequency versus Phase Detector Current 
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Figure 9. Change in Oscillator Frequency 
versus Oscillator Control Current 
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Figure 10. Change in Oscillator Frequency 
versus Oscillator Control Current 
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APPLICATIONS INFORMATION 



Evaluation PC Board 

The evaluation RGB, shown in Figures 26 and 27, is very 
versatile and is intended to be used across the entire useful 
frequency range of this device. The center section of the 
board provides an area for attaching all SMT components 
to the circuit side and radial leaded components to the 
component ground side of the RGB (see Figures 28 and 29). 
Additionally the peripheral area surrounding the RF core 
provides pads to add supporting and interface circuitry as 
a particular application dictates. This evaluation board will 
be discussed and referenced in this section. 

Current Controlled Oscillator (Pins 1 to 4) 

It is critical to keep the interconnect leads from the GGO 
(Rins 1 and 4) to the external inductor symmetrical and equal 
in length. With a minimum inductor the maximum free running 
frequency is greater than 1.0 GHz. Since this inductor will 
be small, it may be either a microstrip inductor, an air wound 
inductor or a tuneable RF coil. An air wound inductor may 
be tuned by spreading the windings, whereas, tuneable RF 
coils are tuned by adjusting the position of an aluminum core 
in a threaded coilform. As the aluminum core coupling to the 
windings is increased, the inductance is decreased. The 
temperature coefficient using an aluminum core is better than 
a ferrite core. The UniGoil™ inductors made by Goiicraft may 
be obtained with aluminum cores (Part No. 51-129-169). 

Ground (Pins 5, 10 and 15) 

Ground Returns: It is best to take the grounds to a 
backside ground plane via plated through holes or eyelets 
at the pins. The application RGB layout implements this 
technique. Note that the grounds are located at or less than 
100 mils from the devices pins. 

Decoupling: Decoupling each ground pin to VcG isolates 
each section of the device by reducing interaction between 
sections and by localizing circulating currents. 

Loop Characteristics (Pins 6 and 7) 

Figure 11 is the component block diagram of the 
MG1317XD RLL system where the loop characteristics are 
described by the gain constants. Access to individual 
components of this RLL system is limited, inasmuch as the 
loop is only pinned out at the phase detector output and the 



frequency control input for the GGO. However, this allows 
for characterization of the gain constants of these loop 
components. The gain constants Kp, Kq and Kn are well 
defined in the MG13175 and MG13176. 

Phase Detector (Pin 7) 

With the loop in lock, the difference frequency output of 
the phase detector is DG voltage that is a function of the 
phase difference. The sinusoidal type detector used in this 
IG has the following transfer characteristic: 

le = A Sin Qe 
The gain factor of the phase detector, Kp (with the loop in lock) 
is specified as the ratio of DG output current, le to phase er- 
ror, 00: 

Kp = le/9e (Amps/radians) 

Kp = A Sin Oe/ee 

Sm 00 ~ 00 for 00 < 0.2 radians; 

thus, Kp = A (Amps/radians) 

Figures 7 and 8 show that the detector DG current is approxi- 
mately 30 |j,A where the loop loses lock at 00 = + n/2 radians; 
therefore, Kp is 30 jiA/radians. 

Current Controlled Oscillator, CCO (Pin 6) 

Figures 9 and 1 show the non-linear change in frequency 
of the oscillator over an extended range of control current 
for 320 and 450 MHz applications. Kq ranges from 
approximately 6.3x1 05 rad/sec/|iA or 100 kHz/|xA (Figure 9) 
to 8.8x1 05 rad/sec/|iA or 140 kHz/jiA (Figure 10) over a 
relatively linear response of control current (0 to 100 |xA). 
The oscillator gain factor depends on the operating range 
of the control current (i.e., the slope is not constant). Included 
in the GGO gain factor is the internal amplifier which can sink 
and source at least 30 |iA of input current from the phase 
detector. The internal circuitry at Rin 6 limits the GGO control 
current to 50 |xA of source capability while its sink capability 
exceeds 200 ^A as shown in Figures 9 and 10. Further 
information to follow shows how to use the full capabilities 
of the GGO by addition of an external loop amplifier and filter 
(see Figure 15). This additional circuitry yields at Kq = 0.145 
MHz/|xA or 9.1x105 rad/sec/|iA. 
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Figure 11. Block Diagram of IVIC1317XD PLL 
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Loop Filtering 

The fundamental loop characteristics, such as capture 
range, loop bandwidth, lock-up time and transient response 
are controlled externally by loop filtering. 

The natural frequency (con) and damping factor (3) are 
important in the transient response to a step input of phase 
or frequency. For a given 3 and lock time, (Op can be 
determined from the plot shown in Figure 12. 



Figure 12. Type 2 Second Order Response 
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Where: Kp= 

Kf = 
Kn= 



Ko= 
Ko= 



Phase detector gain constant in 
^A/rad; Kp = 30 |xA/rad 
Filter transfer function 
1/N; N = 8 for the MC13175 and 

N = 32 for the MCI 31 76 
ceo gain constant in rad/sec/^iA 
9.1 x105rad/sec/^A 



Pins 13,14 



For 8 = 
then ©n : 



0.707 and lock time = 
5.0/t = 5.0 krad/sec. 



1.0 ms; 



The loop filter may take the form of a simple low pass filter 
or a lag-lead filter which creates an additional pole at origin 
in the loop transfer function. This additional pole along with 
that of the CCO provides two pure integrators (1/s2). In the 
lag-lead low pass network shown in Figure 13, the values 
of the low pass filtering parameters Ri , R2 and C determine 
the loop constants cop and ^- The equations ti = RiC and t2 
= R2C are related in the loop filter transfer functions F(s) = 
1 + t2s/1 + (ti + t2)s. 



Figure 13. Lag-Lead Low Pass Fiiter 
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The closed loop transfer function takes the form of a 2nd order 
low pass filter given by, 

H(s) = KvF(s)/s + KvF(s) 

From control theory, if the loop filter characteristic has F(0) = 1 , 
the DC gain of the closed loop, Kv is defined as, 

Kv = KpKoKn 
and the transfer function has a natural frequency, 

con = (Ml +12)1/2 
and a damping factor, 

a = (con/2)(t2 + 1/Kv) 
Rewriting the above equations and solving for the MCI 31 76 
with 3 = 0.707 and cop = 5.0 k rad/sec: 

Kv = KpKoKn = (30) (0.91 • IO6) (1/32) = 0.853 • I06 

ti + 12 = Kv/(0n2 = 0.853 •106/(25 • 106) = 34.1 ms 
t2 = 28/con = (2) (0.707)/(5 • 1 03) = 0.283 ms 
ti = (Kv/con2) - 12= (34.1 - 0.283) = 33.8 ms 
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For C = 0.47 |i; 
then, Ri = ti/C = 33.8 • 10-3/0.47 • 10-6 = 72 k 
thus, R2 = t2/C = 0.283 • 10-3/0.47 • 10-6 = o.60 k 
In the above exanfiple, the following standard value compo- 
nents are used, 

C = 0.47 \i', R2 = 620 and R'i = 72 k - 53 k ~ 1 8 k 

(R'1 is defined as Ri - 53 k, the output impedance of the 
phase detector.) 

Since the output of the phase detector is high impedance 
(-50 k) and serves as a current source, and the input to the 
frequency control, Pin 6 is low impedance (impedance of the 
two diode to ground is approximately 500 Q), it is imperative 
that the second order low pass filter design above be 
modified. In order to minimize loading of the R2C shunt 
network, a higher impedance must be established to Pin 6. 
A simple solution is achieved by adding a low pass network 
between the passive second order network and the input to 
Pin 6. This helps to minimize the loading effects on the 
second order low pass while further suppressing the 
sideband spurs of the crystal oscillator. A low pass filter with 
R3 = 1.0 k and C2 = 1500 p has a corner frequency (fc) of 
106 kHz; the reference sideband spurs are down greater 
than - 60 dBc. 

Figure 14. Modified Low Pass Loop Filter 
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Hold-in Range 

The hold-in range, also called the lock range, tracking 
range and synchronization range, is the ability of the CCO 
frequency, f© to track the input reference signal, fref • N as 
it gradually shifted away from the free running frequency, ff. 
Assuming that the CCO is capable of sufficient frequency 
deviation and that the Internal loop amplifier and filter are not 
overdriven, the CCO will track until the phase error, 69 
approaches ±71/2 radians. Figures 5 through 8 are a direct 
measurement of the hold-in range (i.e. Afref • N = ±AfH • 2n). 



Since sin 0e cannot exceed ±1.0, as 69 approaches ±k/2 the 
hold-In range is equal to the DC loop gain, Kv • N. 

±AcoH = ±Kv»N 
where, Kv = KpKoKp, 
In the above example, 

±AcoH = ± 27.3 Mrad/sec 

±AfH = ±4.35 MHz 

Extended Hold-in Range 

The hold-in range of about 3.4% could cause problems 
over temperature in cases where the free-running oscillator 
drifts more than 2 to 3% because of relatively high 
temperature coefficients of the ferrite tuned CCO inductor. 
This problem might worsen for lower frequency applications 
where the external tuning coil is large compared to internal 
capacitance at Pins 1 and 4. To improve hold-in range 
performance, it is apparent that the gain factors involved 
must be carefully considered. 

Kn = is either 1/8 in the MCI 31 75 or 1/32 in the MC131 76. 

Kp = is fixed internally and cannot be altered. 

Kq = Figures 9 and 10 suggest that there is capability of 
greater control range with more current swing. 
However, this swing must be symmetrical about 
the center of the dynamic response. The suggested 
zero current operating point for ±100 |iA swing 
of the CCO is at about + 70 |j.A offset point. 

Ka = External loop amplification will be necessary since 
the phase detector only supplies ± 30 |iA. 

In the design example in Figure 15, an external resistor 
(R5) of 15 k to Vcc (3-0 Vdc) provides approximately 100 
|j.A of current boost to supplement the existing 50 jiA 
internal source current. R4 (1.0 k) is selected for 
approximately 0.1 Vdc across it with 100 ^lA. Ri, R2 and 
R3 are selected to set the potential at Pin 7 and the base 
of 2N4402 at approximately 0.9 Vdc and the emitter at 
1.55 Vdc when error current to Pin 6 Is approximately 
zero |J.A. C-\ is chosen to reduce the level of the crystal 
sidebands. 



Figure 15. External Loop Amplifier 
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Figure 1 6 shows the improved hold-in range of the loop. 
The Afref is moved 950 kHz with over 200 |iA swing of control 
current for an improved hold-in range of ±1 5.2 MHz or ± 95.46 
Mrad/sec. 



Figure 16. MC13176 Reference Oscillator 
fT Frequency versus Oscillator Control Current 
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Loclc-ln Range/Capture Range 

If a signal is applied to the loop not equal to free running 
frequency, ff, then the loop will capture or lock-in the signal 
by making fs = fo (i-©- if the initial frequency difference is 
not too great). The lock-in range can be expressed as Acol 
~ ± 23con 

Fl\1 l\/lodulation 

Noise external to the loop (phase detector input) is 
minimized by narrowing the bandwidth. This noise is minimal 
in a PLL system since the reference frequency is usually 
derived from a crystal oscillator. FM can be achieved by 
applying a modulation current superimposed on the control 
current of the COG. The loop bandwidth must be narrow 
enough to prevent the loop from responding to the 
modulation frequency components, thus, allowing the 000 
to deviate in frequency. The loop bandwidth is related to the 
natural frequency con- In the lag-lead design example where 
the natural frequency, cop = 5.0 krad/sec and a damping 
factor, d = 0.707, the loop bandwidth = 1.64 kHz. 
Oharacterization data of the closed loop responses for both 
the M013175 and M013176 at 320 MHz (Figures 7 and 8, 
respectively) show satisfactory performance using only a 
simple low-pass loop filter network. The loop filter response 
is strongly influenced by the high output impedance of the 
push-pull current output of the phase detector. 



fc = 0.159/RC; 
For R = 1.0 k + R7 (R7 = 53 k) and = 39apF 
fc = 7.55 kHz or ©c = 47 krad/sec 

The application example in Figure 17a of a 320 MHz FM 
transmitter demonstrates the FM capabilities of the 10. A high 
value series resistor (100 k) to Pin 6 sets up the current 
source to drive the modulation section of the chip. Its value is 
dependent on the peak to peak level of the encoding data 
and the maximum desired frequency deviation. The data 
input is AO coupled with a large coupling capacitor which is 
selected for the modulating frequency. The component 
placements on the circuit side and ground side of the PO 
board are shown in Figures 28 and 29, respectively. Figure 
18a illustrates the input data of a 10 kHz modulating signal at 
1.6 Vp-p. Figures 18b and 18c depict the deviation and 
resulting modulation spectrum showing the carrier null at- 40 
dBc. Figure 1 8d shows the unmodulated carrier power output 
at 3.5 dBm for Vqo = 3.0 Vdc. 

For voice applications using a dynamic or an electret 
microphone, an op amp Is used to amplify the microphone's 
low level output. The microphone amplifier circuit is shown 
in Figure 19. Figure 17b shows an application example for 
NBFM audio or direct FSK in which the reference crystal 
oscillator is modulated. 

Figure 19. l\/iicrophone Amplifier 
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Local Oscillator Application 

To reduce internal loop noise, a relatively wide loop 
bandwidth is needed so that the loop tracks out or cancels 
the noise. This is emphasized to reduce inherent OOO and 
divider noise or noise produced by mechanical shock and 
environmental vibrations. In a local oscillator application the 
000 and divider noise should be reduced by proper 
selection of the natural frequency of the loop. Additional low 
pass filtering of the output will likely be necessary to reduce 
the crystal sideband spurs to a minimal level. 
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Figure 17a. 320 MHz MC13176D FM Transmitter 
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5. The crystal Is a parallel resonant, fundamental mode calibrated with 32 pF load capacitance. 



Figure 17b. 320 l\/IHz NBFI\/I Transmitter 
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Figure 18a. Input Data Waveform 



Figure 18b. Frequency Deviation 





Figure 18c. l\/lodulation Spectrum 



Figure 18d. Unmodulated Carrier 





Reference Crystal Oscillator (Pins 8 and 9) 

Selection of Proper Crystal: A crystal can operate in a 
number of mechanical modes. The lowest resonant 
frequency mode is its fundamental while higher order modes 
are called overtones. At each mechanical resonance, a 
crystal behaves like a RLC series-tuned circuit having a large 
inductor and a high Q. The Inductor Ls is series resonance 
with a dynamic capacitor, Cs determined by the elasticity of 
the crystal lattice and a series resistance Rs, which accounts 
for the power dissipated in heating the crystal. This series 
RLC circuit is in parallel with a static capacitance. Op which 
is created by the crystal block and by the metal plates and 
leads that make contact with it. 

Figure 20 is the equivalent circuit for a crystal in a single 
resonant mode. It is assumed that other modes of resonance 
are so far off frequency that their effects are negligible. 

Series resonant frequency, fs is given by; 
fs = 1/27c(LsCs)1/2 

and parallel resonant frequency, fp is given by; 
fp = fs(1+Cs/Cp)1/2 



Figure 20. Crystal Equivalent Circuit 
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the frequency separation at resonance is given by; 
Af = fp-fs = fs[1-(1+Cs/Cp)1/2] 

Usually fp is lessthan 1 % higherthanfs, and acrystal exhibitsan 
extremely wide variation of the reactance with frequency be- 
tween f p and f s- A crystal oscillator circuit is very stable with fre- 
quency. This high rate of change of impedance with frequency 
stabilizes the oscillator, because any significant change in os- 
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cillator frequency will cause a large phase shift in the feedback 
loop keeping the oscillator on frequency. 

f^anufacturers specify crystal for either series or parallel 
resonant operation. The frequency for the parallel mode is 
calibrated with a specified shunt capacitance called a "load 
capacitance". The most common value is 30 to 32 pF. If the 
load capacitance is placed in series with the crystal, the 
equivalent circuit will be series resonance at the specified 
parallel-resonant frequency. Frequencies up to 20 MHz use 
parallel resonant crystal operating in the fundamental mode, 
while above 20 MHz to about 60 MHz, a series resonant 
crystal specified and calibrated for operation in the overtone 
mode is used. 

Application Examples 

Two types of crystal oscillator circuits are used in the 
applications circuits: 1) Fundamental mode common emitter 
Colpitts (Figures 1, 17a, 17b, and 21). 2) Third overtone 
impedance inversion Colpitts (also Figures 1 and 21). 

The fundamental mode common emitter Colpitts uses a 
parallel resonant crystal calibrated with a 32 pf load 
capacitance. The capacitance values are chosen to provide 
excellent frequency stability and output power of > 500 
mVp-p at Pin 9. In Figures 1 and 21, the fundamental mode 
reference oscillator is fixed tuned relying on the repeatability 
of the crystal and passive network to maintain the frequency, 
while in the circuit shown in Figure 17, the oscillator 
frequency can be adjusted with the variable inductor for the 
precise operating frequency. 

The third overtone impedance inversion Colpitts uses 
a series resonance crystal with a 25 ppm tolerance. In 
the application examples (Figures 1 and 21), the 
reference oscillator operates with the third overtone 
crystal at 40.0000 MHz. Thus, the MCI 31 75 is operated 
at 320 MHz (fo/8 = crystal; 320/8 = 40.0000 MHz. The 
resistor across the crystal ensures that the crystal will 
operate in the series resonant mode. A tuneable inductor 
is used to adjust the oscillation frequency; it forms a 
parallel resonant circuit with the series and parallel 
combination of the external capacitors forming the divider 
and feedback network and the base-emitter capacitance 
of the device. If the crystal is shorted, the reference 
oscillator should free-run at the frequency dictated by the 
parallel resonant LC network. 

The reference oscillator can be operated as high as 60 
MHz with a third overtone crystal. Therefore, it is 
possible to use the MC13175 up to at least 480 MHz and 
the MCI 31 76 up to 950 MHz (based on the maximum 
capability of the divider network). 

Enable (Pin 11) 

The enabling resistor at Pin 11 is calculated by: 

Rreg. enable = Vcc - 1 -0 Vdc/lreg. enable 



From Figure 4, Ireg, enable 's chosen to be 75 ^lA. So, for a 
Vcc = 3-0 Vdc Rreg. enable = 26.6 kQ, a standard value 27 
kO, resistor is adequate. 

Layout Considerations 

Supply (Pin 12): In the PCB layout, the Vcc trace must 
be kept as wide as possible to minimize inductive reactance 
along the trace; it is best that Vcc (RF ground) completely 
fills around the surface mounted components and 
interconnect traces on the circuit side of the board. This 
technique is demonstrated in the evaluation PC board. 

Battery/Selection/Lithium Types 

The device may be operated from a 3.0 V lithium battery. 
Selection of a suitable battery is important. Because one of 
the major problems for long life battery powered equipment 
is oxidation of the battery terminals, a battery mounted in a 
clip-in socket is not advised. The battery leads or contact 
post should be isolated from the air to eliminate oxide 
build-up. The battery should have PC board mounting tabs 
which can be soldered to the PCB. Consideration should be 
given for the peak current capability of the battery. Lithium 
batteries have current handling capabilities based on the 
composition of the lithium compound, construction and the 
battery size. A 1300 mA/hr rating can be achieved in the 
cylindrical cell battery. The Rayovac CR2/3A 
lithium-manganese dioxide battery is a crimp sealed, spiral 
wound 3.0 Vdc, 1300 mA/hr cylindrical cell with PC board 
mounting tabs. It Is an excellent choice based on capacity 
and size (1 .358'' long by 0.665'' in diameter). 

Differential Output (Pins 13, 14) 

The availability of micro-coaxial cable and small baluns 
in surface mount and radial-leaded components allows for 
simple interface to the output ports. A loop antenna may be 
directly connected with bias via RFC or 50 Q resistors. 
Antenna configuration will vary depending on the space 
available and the frequency of operation. 

AM Modulation (Pin 16) 

Amplitude Shift Key: The MCI 31 75 and MCI 31 76 are 
designed to accommodate Amplitude Shift Keying (ASK). 
ASK modulation is a form of digital modulation corresponding 
to AM. The amplitude of the carrier is switched between two 
or more values in response to the PCM code. For the binary 
case, the usual choice is On-Off Keying (often abbreviated 
OOK). The resultant amplitude modulated waveform consists 
of RF pulses called marks, representing binary 1 and spaces 
representing binary 0. 
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Figure 21. ASK 320 MHz Application Circuit 



Osc 
Tank 



150-05J08 



100p ^ 30p ^ 
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"CC 
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^ On-Off Keyed Input 
HL Level 10 kHz 



<RFout 




MC13175 
Crystal i.ok : 
3rd Overtone 
40.0000 MHz 
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10 MHz 



NOTES: 1 . 50 n coaxial balun, 1/1 wavelength line (1 .5") provides the best 
match to a 50 Q load. 

2. Pins 5, 10 and 15 are ground and connnected to Vee which is 
the component/DC ground plane side of PCB. These pins must 
be decoupled to Vqc: decoupling capacitors should be placed 
as close as possible to the pins. 

3. The crystal oscillator circuit may be adjusted for frequency with 
the variable inductor (MC13175); 1.0 k resistor shunting the 
crystal prevents it from oscillating in the fundamental mode. 
Recommended source is Coilcraft "slot seven" 7.0 mm tuneable 
inductor, part #7M3-821 . 



4. The On-Off keyed signal turns the output of the transmitter off and on with 
TTL level pulses through Rmod ^^ P'" "l^ The "On" power and Ice "s set 
by the resistor which sets Imod = VTTL - 0.8 / Rmod- (see Figure 23). 

5. SI simulates an enable gate pulse from a microprocessor which will 
enable the transmitter, (see Figure 4 to determine precise value of the 
enabling resistor based on the potential of the gate pulse and the 
desired enable.) 



Figure 21 shows a typical application in wiiich the output 
power has been reduced for linearity and current drain. The 
current draw on the device is 16 mA Ice (average) and 
-22.5 dBm (average power output) using a 10 kHz 
modulating rate for the on-off keying. This equates to 20 mA 
and -2.3 dBm "On", 13 mA and -41 dBm "Off". In Figure 
22a, the device's modulating waveform and encoded carrier 



are displayed. The crystal oscillator enable time is needed 
to set the acquisition timing. It takes typically 4.0 msec to 
reach full magnitude of the oscillator waveform (see Figure 
22b, Oscillator Waveform, at Pin 8). A square waveform of 
3.0 V peak with a period that is greater than the oscillator 
enable time is applied to the Enable (Pin 11). 
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Figure 22a. ASK Input Waveform and Modulated Carrier 
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Figure 22b. Oscillator Enable Time, Tenable 
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Figure 23. Power Output versus Modulation Current 

10 
^ 5.0 
' 
-5.0 

-10 

-15 
-20 



-25 
0.1 

















y 






















,^ 






















V 


' Vcc = 3. 


)Vdc 
Hz 
















/ 


/ 


/ 


■■ f = 320M 












y 


/ 




















y 


/^ 






















y^ 

























1.0 
Imod. MODULATION CURRENT (mA) 



Analog AM 

in analog AM applications, tiie output amplifier's linearity 
must be carefully considered. Figure 23 is a plot of Power 
Output versus l\/lodulation Current at 320 MHz, 3.0 Vdc. In 
order to achieve a linear encoding of thie modulating 
sinusoidal waveform on tlie carrier, the modulating signal 
must amplitude modulate the carrier in the linear portion of 
its power output response. When using a sinewave 
modulating signal, the signal rides on a positive DC offset 
called Vmod which sets a static (modulation off) modulation 
current, Imod- 'mod controls the power output of the IC. As 
the modulating signal moves around this static bias point the 
modulating current varies causing power output to vary or 
to be AM modulated. When the IC is operated at modulation 
current levels greater than 2.0 mAdc the differential output 
stage starts to saturate. 
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In the design example, shown in Figure 24, the operating 
point is selected as a tradeoff between average power output 
and quality of the AM. 

For Vcc = 3.0 Vdc; Ice = 1 8-5 mA and Imod = 0-5 mAdc and 
a static DC offset of 1 .04 Vdc, the circuit shown in Figure 24 
completes the design. Figures 25a, 25b and 25c show the re- 
sults of - 6.9 dBm output power and 1 00% modulation by the 
10 kHz and 1.0 MHz modulating sihewave signals. The am- 
plitude of the input signals is approximately 800 mVp-p. 

Where Rmod = (VCC - 1-04 Vdc)/0.5 mA = 3.92 k, use 
a standard value resistor of 3.9 k. 



Figure 24. Analog AM Transmitter 
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Figure 25a. Power Output of Unmodulated Carrier 
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Figure 25b. Input Signal and AlVI Modulated 

Carrier for f mod = "• kHz 




Figure 25c. Input Signal and AM Modulated 

Carrier for f mod = "• -0 MHz 
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Figure 26. Circuit Side View of l\/IC1317XD 
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Figure 27. Ground Side View 
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Figure 28. Surface Mounted Components Placement 
(on Circuit Side) 




Figure 29. Radial Leaded Components Placement 
(on Ground Side) 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Bit Rate Generator 



The MC14411 bit rate generator is constructed with complementary MOS 
enhancement mode devices. It utilizes a frequency divider network to provide a 
wide range of output frequencies. 

A crystal-controlled oscillator is the clock source for the network. A 2-bit address 
is provided to select one of four multiple output clock rates. 

Applications include a selectable frequency source for equipment in the data 
communications market, such as teleprinters, printers, CRT terminals, and 
microprocessor systems. 

• Single 5.0 Vdc (±5%) Power Supply 

• Internal Oscillator Crystal Controlled for Stability (1 .8432 MHz) 

• 16 Different Output Clock Rates 

• 50% Output Duty Cycle 

• Programmable Time Bases for One of Four Multiple Output Rates 

• Buffered Outputs Compatible with Low Power TTL 

• Noise Immunity = 45% of Vqd Typical 

• Diode Protection on All Inputs 

• External Clock may be Applied to Pin 21 

• Internal Pull-Up Resistor on Reset Input 
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RATE SELECT A 


















- 


DIVIDERS 




(RSa) 

RATE SELECT B 


' 


- 


(RSb) 




1 ^ 










X1 


RATE 
SELECT 
LOGIC 








DIVIDER 


— 








X8 




CRYSTAL IN 
(XTALin) 

CRYSTAL OUT* 


OSCILLATOR 
CIRCUIT "• 


•-> 




X16 


z 


(XTALout) ^ 


X64 










' 


— 






^ 


1 
















- 












- 























F1 
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F3 

F4 

F5 

F6 

F7 

F8 

F9 
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F15 
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*See Fi gure 2 fo r typical crystal oscillator circuits. 

"When RESET = 0, outputs F1-F14 = 0, outputs F15-F16 = 1. 



PIN ASSIGNMENTS 




L, P SUFFIX 




F1 [ 


1» 24 


] vdd 


F3[ 


2 23 


] RSa 


F5[ 


3 22 


] RSb 


F7[ 


4 21 


] XTALin 


F8[ 


5 20 


] XTALout 


F10 [ 


6 19 


] F16 


F9[ 


7 18 


] F15 


F11 [ 


8 17 


] F2 


F14 [ 


9 16 


] F4 


RESET L 


10 15 


] F6 


NOT USED [ 


11 14 


] F12 


Vss[ 


12 13 


] F13 




DW SUFFIX 




F1 [ 


1« 24 


] Vdd 


F3[ 


2 23 


] RSa 


F5[ 


3 22 


] RSb 


F7[ 


4 21 


] XTALjn 


F8[ 


5 20 


] XTALout 


F10 [ 


6 19 


] F16 


F9[ 


7 18 


] F15 


F11 [ 


8 17 


] F2 


F14 [ 


9 16 


]F4 


RESET [ 


10 15 


] F6 


vssi: 


11 14 


] F12 


F13 [ 


12 13 


] NC 


NC 


= NO CONNECT 


ION 
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MAXIMUM RATINGS (Voltages referenced to Vss. Pin 1 2) 




Symbol 


Rating 


Value 


Unit 


Vdd 


DC Supply Voltage Range 


5.25 to -0.5 


V 


Vin 


Input Voltage, AIM nputs 


Vdd + 0-5 to 

Vss -0.5 


V 


1 


DC Current Drain per Pin 


10 


mA 


Ta 


Operating Temperature Range 


-40 to + 85 


°c 


Tstg 


Storage Temperature Range 


-65 to + 150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vjn and Vout be con- 
strained to the range Vss ^ (Vin o"* Vout) ^ Vpo- 

Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either Vss or 

Vdd). 



ELECTRICAL CHARACTERISTICS 



Symbol 


Characteristic 


Vdd 


-40«C 


+ 25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Vdd 


Supply Voltage 


- 


4.75 


5.25 


4.75 


5.0 


5.25 


4.75 


5.25 


V 


Vout 


Operating Voltage "0" Level 
"1" Level 


5.0 
5.0 


4.95 


0.05 


4.95 



5.0 


0.05 


4.95 


0.05 


V 
V 


V|L 
V|H 


Input Voltage Vq = 4.5 or 0.5 V 
Vo = 0.5or4.5Vdc 


5.0 
5.0 


3.5 


1.5 


3.5 


2.25 
2.75 


1.5 


3.5 


1.5 


V 
V 


'oh 

lOL 


Output Drive Current 

Vqh = 2.5 V Source 
Vol = 0.4 V Sink 


5.0 
5.0 


-0.23 
+0.23 


I 


-0.20 
+ 0.20 


-1.7 
+ 0.78 


I 


-0.16 
+ 0.16 


- 


mA 
mA 


■in 


Input Current Pins 21 , 22, 23 
Pin 10 


5.0 


— 


±0.1 


-1.5 


±0.00001 


±0.1 
-7.5 


— 


±1.0 


^A 


Cin 


Input Capacitance (Vjn = 0) 


— 


— 


— 


— 


5.0 


— 


— 


— 


PF 


pq 


Quiescent Dissipation 


5.0 


— 


2.5 


— 


0.015 


2.5 


— 


15 


mW 


Pd 


Power Dissipation **t 
(Dynamic plus Quiescent) 
(CL=15pF) 


5.0 






PD = (7.5mW/MHZ)f + PQ 


mW 


tTLH 


Output Rise Time** 

tr = (3.0 ns/pF) Cl + 25 ns 


5.0 


— 


— 


— 


70 


200 


— 


— 


ns 


tTHL 


Output Fall Time** 

tf = (1.5ns/pF)CL + 47ns 


5.0 


— 


— 


— 


70 


200 


— 


— 


ns 


fCL 


Input Clock Frequency 


5.0 


- 


1.85 


- 


- 


1.85 


- 


1.85 


MHz 


tW(C) 


Clock Pulse Width 


- 


200 


- 


200 


— 


- 


200 


— 


ns 


tW(R) 




— 


500 


— 


500 


— 


— 


500 


— 


ns 


RESET Pulse Width 



t For dissipation at different external capacitance (Cl) refer to corresponding formula: 
Pt (Cl = Pd + 2.6 X 10-3 (Cl - 15 pF) VoD^f 
where: Pj, Pq in mW, Cl in pF, Vpo in Vdc, and f in MHz. 

** The formula given is for the typical characteristics only. 
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Figure 1 . Dynamic Signal Waveforms 
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Table 1. Output Clock Rates 



Rate Select 


Rate 


B 


A 








X1 





1 


X8 


1 





X16 


1 


1 


X64 



Output 
Number 


Output Rates (Hz) 


X64 


X16 


XB 


X1 


F1 


614.4 k 


153.6 k 


76.8 k 


9600 


F2 


460.8 k 


115.2 k 


57.6 k 


7200 


F3 


307.2 k 


76.8 k 


38.4 k 


4800 


F4 


230.4 k 


57.6 k 


28.8 k 


3600 


F5 


153.6 k 


38.4 k 


19.2 k 


2400 


F6 


115.2 k 


28.8 k 


14.4 k 


1800 


F7 


76.8 k 


19.2 k 


9600 


1200 


F8 


38.4 k 


9600 


4800 


600 


F9 


19.2 k 


4800 


2400 


300 


F10 


12.8 k 


3200 


1600 


200 


F11 


9600 


2400 


1200 


150 


F12 


8613.2 


2153.3 


1076.6 


134.5 


F13 


7035.5 


1758.8 


879.4 


109.9 


F14 


4800 


1200 


600 


75 


F15 


921.6 k 


921.6 k 


921.6 k 


921.6 k 


F16* 


1.843 M 


1.843 M 


1.843 M 


1.843 M 



F16 is a buffered oscillator output 



RESET 



RSa RSb 




Rf = 15Mi2+10% 



BIT RATE CLOCK OUTPUTS 



Crystal Specifications 

Parallel 

Rs 
Co 

Temperature Range 
Test Level 
Test Set 



Crystal Mode 

Frequency 1 .8432 MHz or ±0.05% @ 13 pF 

540 Q. max 

7.0 pF max 

0to70°C 

ImW 

TS — 330^SM or Equivalent 



'Suggested Crystal Suppliers: Typco, CTS Knights 



Figure 2. Typical Crystal Oscillator Circuit 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



2-of-8 Keypad-to-Binary 
Tone Encoder 

CMOS 

The MC14419 is designed for phone and dialer system applications, but finds 
many applications as a keypad-to-binary encoder. The device contains a 2-of-8 to 
binary encoder, a strobe generator, and an illegal state detector. The encoder has 
four row inputs and four column inputs and is designed to accept inputs from 1 6 
keyswitches arranged in a 4 x 4 matrix. For an output on the four data lines, one 
and only one row along with one and only one column input line must be activated. 
All other combinations are. suppressed by the illegal state detector to eliminate 
false data output. 

The strobe generator produces a strobe pulse when any of the 10 keys 
corresponding to numerals 0-9 are depressed. The strobe output can be used to 
eliminate erroneous data entry due to contact bounce. For a strobe output to occur, 
the key row and column input lines must remain stable for 80 clock pulses after 
activation. When the contact bouncer has settled and 80 clock pulses have 
occurred, the output will be a single strobe pulse equal in width to that of the clock 
low state. The strobe generator will output one and only one pulse each time a 
numerical key is depressed. After the pulse has occurred, noise and bounce due 
to contact break will not cause another strobe pulse. With a 16 kHz clock fre- 
quency, the pulse occurs 5 ms after the last bounce. 

• Suppressed Output for Illegal Input Codes 

• On-Chip Pull-Up Resistors for Row and Column Inputs 

• Clock Input Conditioning Circuit 

• Low Current Drain in Standby Mode: 5.0 ^.A Typical @ 5.0 Vdc 

• Subsystem Complement to the MCI 4408/1 4409 Phone Pulse Converter 

• Codes for Numbers 0-9 Produce a Strobe Pulse 

• One Key Roll-Over Feature 
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CASE 648 



PIN ASSIGNMENTS 
P SUFFIX 

R1 [ 



R2 [ 
R3 [ 
R4[ 

01 [ 

02 [ 

03 [ 

vss[ 



1* 

2 

3 

4 

5 

6 

7 



16 ] Vdd 

15 ] CLK 

14 ] ST 

13 ] D4 

12 ] D3 

11 ] D2 

10 ] D1 

9 ] 04 



BLOCK DIAGRAM 
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Vdd = PIN16 
Vss = PIN8 
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BCD 
DETECTOR 



CLK 
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BINARY 

ENCODER 

AND 
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J!i 



STROBE 
GENERATOR 



ST 

D4^ 
D3 
D2 
Diy 



DATA 
OUTPUTS 
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MAXIMUM RATINGS (Voltages referenced to Vss, Pin 8) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage Range 


Vdd 


+ 6.0 to -0.5 


V 


Input Voltage, All Inputs 


Vln 


Vdd + 0-5 to 

Vss -0.5 


V 


DC Current Drain per Pin 


1 


10 


mA 


Operating Temperature Range 


Ta 


- 40 to + 85 


°C 


Storage Temperature Range 


Tstg 


-65 to + 150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higherthan maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vjp and Vout be con- 
strained to the range Vss ^ (Vin or Vout) - ^DD- 



ELECTRICAL CHARACTERISTICS 



Characteristic 


Symbol 


VddV 
do 


-4G°C 


+25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Typ 


Max 


Min 


Max 


Supply Voltage 


Vdd 


- 


3.0 


6.0 


3.0 


5.0 


6.0 


3.0 


6.0 


V 


Operating Voltage "0" Level 
"1" Level 


Vout 


5.0 
5.0 


4.99 


0.01 


4.99 



5.0 


0.01 


4.95 


0.05 


V 
V 


Noise Immunity 
(AVout^O.SVdc) 


Vnl 


5.0 


1.5 


— 


1.5 


2.25 


- 


1.4 


- 


Vdc 


Vnh 


5.0 


1.4 


— 


1.5 


2.25 


— 


1.5 


- 


Vdc 


Output Drive Current 

VoH = 2.5 V Source 

Vol = 0.4 V Sink 


•oh 


5.0 


-0.23 


— 


-0.20 


-1.7 


— 


-0.16 


— 


mAdc 


lOL 


5.0 


+ 0.23 


- 


+ 0.20 


+ 0.78 


- 


+ 0.16 


- 


mAdc 


Input Leakage Current (Vjn = Vdd) 


■IH 


5.0 


— 


- 


— 


10 


- 


- 


- 


pAdc 


Pull-Up Resistor Source Current 
(Row and Column Inputs) 
(Vin = Vss) 


l|L 


5.0 


265 


460 


190 


250 


330 


125 


215 


^lAdc 


Input Capacitance (Vjn = Vss) 


Cin 


— 


— 


— 


— 


5.0 


— 


— 


- 


pF 


Standby Supply Current 

(fcjock = "'S kHz, No Keys Depressed) 

Function of Clock Frequency* 
(No Keys Depressed) 


Idds 


3.0 
5.0 
6.0 


- 


3.0 
15 
60 


- 


1.0 
5.0 
20 


3.0 
15 
60 


- 


6.0 
30 
120 


^lAdc 


5.0 


Idds = 0.09 iiA l kHz + 3.0 \ik 


[lAdc 



* The formula given is for the typical characteristics only. 
SWITCHING CHARACTERISTICS (Cl = 50 pF, Ta = 25°C) 



Characteristic 


Symbol 


Vdd 


Min 


Typ 


Max 


Unit 


Output Rise and Fall Times, D1-D4 (Figure 1) 


tr.tf 


5.0 


- 


300 


- 


ns 


Propagation Delay Time, Row or Column Input 
to Data Output (Figure 1) 


tpLH. 
tpHL 


5.0 


— 


1000 


— 


ns 


Clock Pulse Frequency Range 


PRF 


3.0 to 6.0 


4.0 


16 


80 


kHz 



20 ns 

ROW OR 90%^ 

COLUMN 50% 

INPUTS 

tPLH 

Dn 50% 

OUTPUT 10% 



20 ns 




r 10% 




< 


— 


A 


A 


<- 


- -^ 


\ 


h* — tPHL 


y 


' 90% 

< — — > 




tr 


\ t 


L 



Vdd 
Vss 

VoH 

Vol 



PRF Clock 
Frequency (kHz) 


tST* 
Strobe Pulse Delay Time (ms) 


4.0 


20 


8.0 


10 


16 


5.0 


32 


2.5 


80 


1.0 



Figure 1. Switching Time Waveforms 



*tST = (1/PRF) • 80, with PRF in kHz, tsT "" ms 
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Table 2. Truth Table 



Key** 


Inputs 


Outputs 


Row 


Column 


R4 


R3 R2 R1 


C4 C3 C2 


CI 


D4 


D3 


D2 


D1 


strobe 


1 


1110 


1 1 1 














1 


_r^ 


2 


1110 


110 1 








1 





J~L 


3 


1110 


10 11 








1 


1 


_n_ 


A 


11 1 


1 11 


1 













4 


1 1 1 


1110 













jn_ 


5 


110 1 


10 1 










1 


_n_ 


6 


110 1 









1 





_n_ 


B 


110 1 


111 


1 







1 





7 


1 11 


1 1 










1 


1 


_n_ 


8 


1 1 1 


110 1 


1 











_n_ 


9 


1 1 1 




1 








1 


_rL 


C 


10 11 


1 1 


1 


1 


1 








* 





1 1 1 


1 11 


1 





1 














11 1 


110 1 














_n_ 


# 





1 1 1 


10 11 


1 





1 


1 





D 





1 1 1 


111 


1 


1 


1 


1 







All other Combinations 


















*See Figure 3 for keypad designation. 



ROW OR 

COLUMN 

INPUT 



STROBE 

GENERATOR 

OUTPUT 



CONTACT 

MAKE 
BOUNCE 



NOISE 
SPIKE 



H- tST -H 1^ PWst" 
80 CLOCK PULSES 



CONTACT 
BREAK 
BOUNCE 



^*PWsT = Strobe Pulse Width = Low State Clock Pulse Width (PWl). 



Figure 2. Strobe Generator Timing Diagram 
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KEYPAD WITH DPST 
N.O. SWITCHES 



COMMON 




OR 



KEYPAD WITH SPST 
N.O. SWITCHES 



COMMON 

VSS 






COLUMN 
ROW 




CLK 




Vdd 



1 



Vdd 



MC14419 



D1 
D2 
D3 
D4 
D5 



04 03 02 01 Vss 
7Q 60 50 80 



? 



10 
11 
12 
13 
14 



Figure 3. Typical Keypad Interface Application 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



Addressable Asynchronous 
Receiver/TVansmitter 

CMOS 

The MC14469 receives one or two 11 -bit words in a serial data stream. One of 
the incoming words contains the address and when the address matches, the 
IVICI 4469 then transmits information in two 1 1 -bit word data streams. Each of the 
transmitted words contains 8 data bits, an even parity bit, and start and stop bits. 

The received word contains 7 address bits with the address of the IVICI 4469 set 
on seven pins. Therefore, 2^ or 128 units can be interconnected In simplex or 
full-duplex data transmission. In addition to the address received, seven command 
bits may be received for general-purpose data or control use. 

The MCI 4469 finds application in transmitting data from remote analog-to- 
digital converters, remote MRUs, or remote digital transducers to the master 
computer or MRU. 

• Supply Voltage Range: 4.5 V to 18 V 

• Low Quiescent Current: 75 |xA Maximum @ 5 V, 25°C 

• Guaranteed Data Rates to 4800 Baud @ 5 V, to 9600 Baud @ 12 V 

• Receive — Serial to Rarallel 
Transmit — Rarallel to Rarallel 

• Transmit and Receive Simultaneously in Full Duplex 

• Crystal or Resonator Operation for On-ChIp Oscillator 

• See Application Note AN806A 

• Chip Complexity: 1200 FETs or 300 Equivalent Gates 
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ORDERING INFORMATION 



MC14469R 
MC14469FN 



RIastic DIR 
RLCC 



PIN ASSIGNMENTS 



P SUFFIX 



0SC1 [ 1» 

0SC2 [ 2 

RESET [ 3 

AO [ 4 

A1 [ 5 

A2 [ 6 

A3 [ 7 

A4 [ 8 

A5 [ 9 

A6 [ 10 

IDO [ 11 

ID1 [ 12 

ID2 [ 13 

ID3 [ 14 

ID4 [ 15 

IDS [ 16 

ID6 [ 17 

ID7 [ 18 

Rl [ 19 

Vss [ 20 



40 ] Vdd 
39 P CO 

CI 
] C2 
] C3 
] C4 

C5 

C6 
] CS 
] VAP 

SEND 

SO 
] SI 
] S2 
] S3 

S4 
] S5 

S6 
] S7 
] TRO 



FN SUFFIX 



CO CO o 

o O z : 





/ 6 


5 


4 


3 


2 


1 


44 


43 


42 


41 


40 




A2L 


7 










• 










39 


JC4 


A3C 


8 




















38 


: C5 


A4: 


9 




















37 


] C6 


as: 


10 




















36 


] CS 


A6: 


11 




















35 


] VAP 


NCC 


12 




















34 


] NC 


IDOC 


13 




















33 


] SEND 


ID1 C 


14 




















32 


] SO 


ID2E 


15 




















31 


] SI 


ID3C 


16 




















30 


]S2 


ID4C 


17 




















29 


] S3 




18 


19 


20 


21 


22 


23 


24 


25 


26 


27 


28 





l_Jl— ll_IL_JL_JI_IL_JI_JI — ll_JL_J 

qqqCC coz^cocococo 



NC = NO CONNECTION 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



BLOCK DIAGRAM 



RECEIVE 
DATA- 
(Rl) 



RECEIVE 

DATA- 
STROBE 



RECEIVE 



(A0-A6) 
ADDRESS 



(C0-C6) 
COMMAND DATA 



ADDRESS CONTROL 
AND DATA COMPARATOR 



J2L 



COMMAND 
LATCHES 



COMPARE 



RVAL 



CLOCK 



S 



STATIC SHIFT REGISTER 



i_i 



CLOCK 



TIMING AND CONTROL 
AND PARITY CHECK 



COMMAND 
STROBE (CS) 

RECEIVE DATA 
STROBE ENABLE 



_^ SEND ENABLE 
LATCH (SEL) 



.VALID ADDRESS 
PULSE (VAP) 



STROBE 



TRANSMIT 



CLOCK 



SEND- 
SEND ENABLE - 



DATA RATE CLOCK ■ 



ID0-ID7 
INPUT DATA 



Zv^ 



(S0-S7) 
STATUS 



STATUS 
LATCHES 



2-2L 



STATIC SHIFT REGISTER 



LOAD 
SELECT 



CONTROL AND PARITY 
GENERATOR 



RVAL 



STATUS STROBE 



fO 



OUTPUT 
LOGIC 



_^ TRANSMIT 
DATA(TRO) 



. STATUS 
STROBE 



CLOCKS 



0SC1 
0SC2 • 



CLOCK 
OSCILLATOR 



CLOCK 
GENERATOR 



DATA RATE CLOCK 
RECEIVE DATA STROBE 



RECEIVE DATA STROBE ENABLE 
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MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd 


-0.5 to + 18 


V 


Input Voltage, All Inputs 


Vin 


-0.5 to Vdd + 0.5 


V 


DC Current Drain per Pin 


1 


10 


mA 


Operating Temperature Range 


Ta 


-40to + 85 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion it is recommended that Vjn and VquI be con- 
strained to the range Vss ^ (Vin O"" Vout) ^ Vpo- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vdd)- 



ELECTRICAL CHARACTERISTICS (Voltages referenced to Vss) 



Characteristic 


Symbol 


Vdd 


-40°C 


+ 25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Output Voltage 

"0" Level 
V|n = VDDorO 

"1" Level 
Vjn = or Vdd 


Vol 


5.0 
10 
15 


- . 


0.05 
0.05 
0.05 


- 


0.05 
0.05 
0.05 


- 


0.05 
0.05 
0.05 


V 


VOH 


5.0 
10 
15 


4.95 
9.95 
14.95 


— 


4.95 
9.95 
14.95 


— 


4.95 
9.95 
14.95 


— 


V 


Input Voltage (Except 0SC1 ) 

"0" Level 
Vo = 4.5 or 0.5 V 
Vo = 9.0 or 1.0 V 
Vo = 13.5 or 1.5 V 

"1" Level 
Vo = 0.5 or 4.5 V 
Vo = 1 .0 or 9.0 V 
Vo = 1.5 or 13.5 V 


V|L 


5.0 
10 
15 


- 


1.5 
3.0 
4.0 


- 


1.5 
3.0 
4.0 


— 


1.5 
3.0 
4.0 


V 


V|H 


5.0 
10 
15 


3.5 
7.0 
11 


- 


3.5 
7.0 
11 


- 


3.5 
7.0 
11 


- 


V 


Output Drive Current (Except OSC2) 

VoH = 2.5V Source 
VoH = 4.6V 
VoH = 9.5V 
VoH = 13.5 V 

Vol = 0.4 V Sink 

Vol = 0.5 V 
Vol = 1.5 V 


'oh 


5.0 
5.0 
10 
15 


-1.0 
-0.2 
-0.5 
-1.4 


— 


-0.8 
-0.16 
-0.4 
-1.2 


— 


-0.6 
-0.12 
-0.3 
-1.0 


- 


mA 


lOL 


5.0 
10 
15 


0.52 
1.3 
3.6 


— 


0.44 
1.1 
3.0 


— 


0.36 
0.9 
2.4 


- 


mA 


Output Drive Current (0SC2 Only) 

VoH = 2.5V Source 
VoH = 4.6V 
VoH = 9.5V 
VoH = 13.5 V 

Vol = 0.4 V Sink 

Vol = 0.5 V 

VoL=1.5V 


lOH 


5.0 
5.0 
10 
15 


-0.19 
-0.04 
-0.09 
-0.29 


— 


-0.16 
-0.035 
-0.08 
-0.27 


— 


-0.13 
-0.03 
-0.06 
-0.2 


- 


mA 


lOL 


5.0 
10 
15 


0.1 
0.17 
0.5 


- 


0.085 
0.14 
0.42 


- 


0.07 
0.1 
0.3 


— 


mA 


OSC Frequency* 


fosc 


4.5 
12 






400 
800 






365 
730 






310 
620 


kHz 


Input Current 


lin 


15 


— 


±0.3 


— 


±0.3 


— 


±1.0 


^A 


Pull-Up Current (A0-A6, ID0-ID7) 


'UP 


15 


12 


120 


10 


100 


8.0 


85 


^A 


Input Capacitance (Vjp = 0) 


Cm 


— 


— 


— 


— 


7.5 


— 


— 


PF 


Quiescent Current (Per Package) 

■ 


'dd 


5.0 
10 
15 


— 


75 
150 
300 


— 


75 
150 
300 


— 


565 
1125 
2250 


^A 


Supply Voltage 


Vdd 


— 


+ 4.5 


+ 18 


+ 4.5 


+ 18 


+ 4.5 


+ 18 


V 



*310 kHz at 85°C guarantees 4800 baud; 620 kHz at 85°C guarantees 9600 baud. 
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RECEIVE DATA (Rl) 



ADDRESS 



sT-r T T T T T T T— TplTr^ 

^' I l_ l_ l_ L_ L_ l_ I \U J ^^ 



MC14469 ADDRESS 

PIN DESIGNATION AO A1 A2 A3 A4 A5 A6 IDENTIFIER 

MC6850 (HIGH LOGIC LEVEL) 

PIN DESIGNATION DO D1 D2 D3 D4 D5 D6 



COMMAND - 



isL'"JiJijJij:^j^ 



COMMAND 
CO C1 C2 C3 C4 C5 06 IDENTIFIER 

(LOW LOGIC LEVEL) 
DO D1 D2 D3 D4 D5 D6 



TRANSMIT DATA (TRO) 



INPUT DATA • 



STATUS - 



L±±±±±±±± 

MC14469 

PIN DESIGNATION IDO ID1 ID2 ID3 ID4 IDS ID6 ID7 

MC6850 

PIN DESIGNATION DO D1 D2 D3 D4 D5 D6 D7 



pIspIst 



n— |— 1— |— I— 1-1— 1— 1 

L J. ± J- ± J. J. ± J-^i^ 

so S1 S2 S3 S4 S5 S6 S7 
DO D1 D2 D3 D4 D5 D6 D7 



ST = START BIT 
P = PARITY BIT 
SP = STOP BIT 



A0-^A6 = ADDRESS BITS 
C0-»-C6 = COMMAND BITS 
D0-^D7 = ACIA BUS BITS 



IDO -^ ID7 = MC14469 IDENTIFICATION CODE 
SO -►S7 = MC14469 STATUS CODE 



Figure 1. Data Format and Corresponding Data Position and Pins for IVIC14469 and IVIC6850 



ADDRESS 



COMMAND 



12 3 4 5 6 7 



12 3 4 5 6 7 



lf;x]x]x]x]x]x]x}""{pnilxix5^^ 



RECEIVER INPUT (Rl) 



VALID ADDRESS PULSE 



INTERNAL VALID 

ADDRESS LATCH 

(VAL) 



(VAP) f ^ 

I 
I 



INTERNAL SEND 

ENABLE LATCH 

(SEL) 



-f 



COMMAND STROBE - 
OUTPUT (CS) 

SEND INPUT_ 
(SEND) 

TRANSMIT OUT 
(TRO) 



J^L 



T 



M M 

S S 

B s B 

Y ^Y^Y 'y *Y^Y^Y * D^ D I C ' Y^Y^Y^Y^Y^Y^^ Y* C 
A|A |A |A|A |A |A| r | r | O |A |A |A|A |A |A |A| A | r 

1234567 T01234567 

ID STATUS 



Figure 2. Typical Receive/Send Cycle 
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PIN DESCRIPTIONS 

A0-A6 
Address Inputs 

These inputs are the address setting pins which contain the 
address match for the received signal. Pins A0-A6 have 
on-chip pull-up resistors. 

C0-C6 
Command Word 

These pins are the readout of the general-purpose com- 
mand word which Is the second word of the received signal. 

CS 

Command Strobe 

This is the output for the command strobe signifying a valid 
set of command data (C0-C6). The pulse width is one oscilla- 
tor cycle. For eample, when a 307.2 kHz ceramic resonator is 
usd, the pulse width is approximately 3 ^is. 

ID0-ID7 

Input Data Pins 

These pins contain the Input data for the first eight bits of 
data to be transmitted. Pins ID0-ID7 have on-chip pull-up 
resistors. 

0SC1,0SC2 

Osclilator input and Oscillator Output 

These pins are the oscillator input and output (see 
Figure 3). 



RESET 
Reset 

When this pin is pulled low for a minimum of 700 ns, the 
circuit is reset and ready for operation. 

Rl 

Receive input 

This is the receive input pin. 

S0-S7 

Second or Status input Data 

These pins contain the input data for the second 8 bits of 
data to be transmitted. 

SEND 
Send 

This pin accepts the send command after receipt of an 
address. 

TRO 

Transmit Register Output Signal 

This pin transmits the outgoing signal. Note that It is inverted 
from the incoming signal. It must go through one stage of in- 
version if it is to drive another MC14469. 



VAP 

Valid Address Pulse 

This Is the output for the valid address pulse upon receipt 
of a matched Incoming address. 

vdd 

Positive Power Supply 

This pin Is the package positive power supply connection. 
This pin may range from + 4.5 V to + 1 8 V with respect to Vss- 

vss 

Negative Power Supply 

This pin is the negative power supply connection. Normally 
this pin is system ground. 

OPERATING CHARACTERISTICS 

The receipt of a start bit on the receive input (Rl) line 
causes the receive clock to start at a frequency equal to that 
of the oscillator divided by 64. All received data Is strobed in 
at the center of a receive clock period. The start bit is followed 
by 8 data bits. Seven of the bits are compared against states 
of the address of the particular circuit (A0-A6). Address is 
latched 31 clock cycles after the end of the start bit of the 
incoming address. The eighth bit signifies an address word 
"1" or a command word "0". Next, a parity bit is received and 
checked by the internal logic for even parity. Finally a stop 
bit is received. At the completion of the cycle if the address 
matches, a valid address pulse (VAP) occurs. Immediately 
following the address word, a command word is received. It 
also contains a start bit, eight data bits, even parity bit, and 
a stop bit. The 8 data bits are composed of a seven-bit com- 
mand, and a "0" which indicates a command word. At the end 
of the command word a command strobe pulse (08) occurs. 

A positive transition on the send input initiates the transmit 
sequence. Send must occur within 7 bit times of CS. Again 
the transmitted data is made up of two eleven-bit words, i.e., 
address and command words. The data portion of the first 
word is made up from input data inputs (ID0-ID7), and the 
data for the second word from second input data (S0-S7) in- 
puts. The data on inputs ID0-ID7 Is latched one clock before 
the falling edge of the start bit. The data on inputs S0-S7 
is latched on the rising edge of the start bit. The transmitted 
signal is the Inversion of the received signal, whi ch allo ws the 
use of an inverting amplifier to drive the lines. TRO begins 
either 1/2 or 1 -1/2 bit times after send, depending where send 
occurs. 

The oscillator can be crystal controlled or ceramic resona- 
tor controlled for required accuracy. OSC1 can be driven 
from an external oscillator (see Figure 3). 



MC14469 
2-198 



MOTOROLA COMMUNICATIONS DEVICE DATA 



L 



MC14469 
INTERNAL 
OSCILLATOR 



Vdata 




0SC1 



15 Mn 

— \AAr- 



^D^ 



01 



02 . 



OS02 

Note: for externally 
generated clock, 
drive 0SC1, float 0SC2. 



XI = Ceramic Resonator: 307.2 kHz ± 1 kHz for 4800 baud rate. 
01 and 02 are sized per the ceramic resonator supplier's recommen- 
dation. 

Oeramic Resonator Suppliers:* 

1. Morgan Matroc, Inc., Bedford, OH, 216/232-8600 

2. Radio Materials Oo., Attica, IN, 317/762-2491 

* Motorola cannot recommend one supplier over another and in no way 
suggests that this is a complete listing of ceramic resonator suppliers. 

Figure 3. Oscillator Circuit 




# DATA LINE 

GROUND LINE 



Figure 4. Rectified Power from Data Lines Circuit 



MC14469 



CO 
CI 
02 

OS 

SEND 

SO 
SI 
S2 
S3 
S4 
S5 
S6 
S7 



CHANNEL 
SELECT 



SELECT 
CHANNEL, 
START 
CONVERSION 

END 
CONVERSION 



ANALOG 
INPUTS 



DIGITAL 
OUTPUTS 



8-CHANNEL 

A/D 
CONVERTER 
ASSEMBLY 



Figure 5. A-D Converter Interface 
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v+ 



1k< 



MPS-DOSj 




MC6850 
ACIA 
OR 
UART 




2^ MC14469 
127 



CS 
SEND 



MASTER 
STATION 



^ ADDRESS 
- 0000000 

REMOTE MCI 4469 Note: For simplex operation the ID7 must be tied high, 87 must be tied low and the 
STATIONS 7-bit ID must be the same as the 7-bit address (or set to some unused address) 

to prevent erroneous responses. 

Figure 6. Single Line, Simpiex Data Transmission 




REMOTE MC14469 STATIONS 
Figure 7. Doubie Line, Fuil Duplex Data Transmission 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



RESET 



CLEAR COMMAND UTCH 
RESET SEL 



RESET VAL 



INITIALIZE RECEIVER 



ISSUE 
VAP 



SET 
SEL 



3 BIT 
TIMES? 



RESET 
SEL 





RESET 
o 



INITIALIZE 
TRANSMIHER 




LATCH 
STATUS 



TRANSMIT 
ID 



TRANSMIT 
STATUS 



Figure 8. Flow Chart of MC14469 Operation 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



PCM Remote Control 
TVansmitter 

The MC14497 is a PCM remote control transmitter realized in CMOS 
technology. Using a dual-single (FSK/AM) frequency bl-phase modulation, the 
transmitter is designed to work with the MC3373 receiver. Information on the 
MC3373 can be found in the Motorola Linear and Interface Integrated Circuits 
book(DL128/D). 

There is not a decoder device which is compatible with the MC1 4497. Typically, 
the decoding resides in MCU software. 

• Both FSK/AM Modulation Selectable 

• 62 Channels (Up to 62 Keys) 

• Reference Oscillator Controlled by Inexpensive Ceramic Resonator: 

Maximum Frequency = 500 kHz 

• Very Low Duty Cycle 

• Very Low Standby Current: 50 ^lA Maximum 

• Infrared Transmission 

• Selectable Start-Bit Polarity (AM only) 

• Shifted Key Mode Available 

• Wide Operating Voltage Range: 4 to 10 V 

• See Application Notes AN1016 and AN 1203 



MCI 4497 




P SUFFIX 

PLASTIC DIP 
CASE 707 



PIN ASSIGNMENTS 




P SUFFIX 




E3[ 


1« 18 


] Vdd 


E2[ 


2 17 


] E1 


E9[ 


3 16 


] E4 


A4[ 


4 15 


] E5 


A3 [ 5 14 


] E6 


A2[ 


6 13 


] OSCout 


A1 [ 7 12 


] OSCin 


SIGNAL OUT [ 8 11 


] E8 


vss[ 


9 10 


] E7 









BLOCK DIAGRAM 



r 



I 



Vdd 18 



El 
E2 
E3 
KEYBOARD E4 
E5 
E6 
E7 
E8 

A4 A3 A2 A1 



E9 



ML 



ENCODER 



3-BIT 
LATCH 



7-BIT 
SR 



OUTPUT 
CONTROL 



SEQUENCE 
CONTROL 



I STANDBY 



SCANNER 



DIVIDER 
-5-32 



MUX 
XT 



DIVIDER 
^10/12 



DIVIDER 
-M6 



-jM^ 



osc 

IN OUT 



T 



3r^ 



12 _jn|_ 13 

-J-^'-J'J- 500 kHz CERAMIC 
X X RESONATOR 
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MAXIMUM RATINGS (Voltages referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd 


-0.5 to + 18 


V 


Input Voltage, All Inputs 


V|n 


-0.5 to Vdd + 0.5 


V 


DC Current Drain per Pin 


1 


10 


mA 


Operating Temperature Range 


Ta 


- 40 to + 85 


°C 


Storage Temperature Range 


Tstg 


-65 to + 150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electric fields; however, it is advised that nor- 
mal precautions be taken to avoid application of 
any voltage higher than maximum rated voltages 
to this high-impedance circuit. For proper opera- 
tion It is recommended that Vjn and Vout be con- 
strained to the range Vss ^ (^in or Vout) ^ Vop. 



ELECTRICAL CHARACTERISTICS (Ta = to 70°C; all Voltages Referenced to Vss) 






Characteristic 


Symbol 


Vdd 


Min 


Max 


Unit 


Supply Voltage 


Vdd 


- 


4.0 


10.0 


V 


Supply Current 
Idle 
Operation 


'dd 


10 
10 


- 


50 
5 


^A 
mA 


Output Current — Signal 

Vqh = 3.0 V Source 
Vol = 0.5 V Sink 


'oh 

lOL 


4 
4 


-900 
120 


- 


HA 


Output Current — Scanner 

Vqh = 3.0 V Source 
Vol = 0.5 V Sink 


lOH 
lOL 


4 
4 


-30 
245 


- 


HA 


Output Current — Oscillator 

VoH = 3.0 V Source 
Vol = 0.5 V Sink 


'OH 
'OL 


4 
4 


-300 
245 


- 


VlA 


Input Current — Oscillator 
Operation 
Idle, V|L = 0.5 V 


'in 


10 
4 


±2 
30 


±80 


liA 


Input Current — Encoder 
V|H = 9.0V 
V|L = 0.5V 


'in 


10 
4 


-15 


-60 


iiA 


Input Voltage — Encoder 


V|H 
V|L 
V|H 
V|L 


10 
10 
4 
4 


9 
3 


1.2 
1.0 


V 
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CIRCUIT OPERATION 

The transmitter sends a 6-bit, labelled A (LSB to F (MSB), 
binary code giving a total of 64 possible combinations or code 
words. All of these channels are user selectable, except the 
last two (where channel 63 is not sent while channel 62 is auto- 
matically sent by the transmitter at the end of each 
transmission as an "End of Transmission" code). 

In either mode, FSK or AM, the transmitted signal is in the 
form of a bi-phase pulse code modulation (PCM) signal. The 
AM coding is shown in Figure 1 . 



AM 



Figure 1. AM Coding 

In the AM mode, f 1 is a train of pulses at the modulating fre- 
quency of 31 .25 kHz for a reference frequency of 500 kHz. 

In the FSK mode, two modulating frequencies are used as 
shown in Figure 2. 



bit-n 



FSK 



"1" 



Figure 2. FSK Coding 

In this mode, fs is 50 kHz and f2 is 41 .66 kHz for a reference 
frequency of 500 kHz. 

The keyboard can be a simple switch matrix using no exter- 
nal diodes, connected to the four scanner inputs (A1 -A4) and 
the eight row input (E1-E8). Under these coditions, only the 
first 32 code words are avilable since bit-F is always at logical 
0. However, a simple 2-pole changeover switch, in the manner 
of a typewriter "shift" key (switch FK3 in the Block Diagram) 
can be used to change the polarity of bit-F to give access to 
the next full set of 32 instructions. 

An alternative method of accessing more than 32 instruc- 
tions is by the use of external diodes between the address 
inputs (see Figure 3). These have the effect of producing 
"phantom" address inputs by pulling two inputs low at the 
same time, which causes bit-F to go high (i.e., to logical 1). By 
interconnecting only certain address inputs it is possible to 
make an intermediate keyboard with between 32 and 64 keys. 



The other two switches in the Block Diagram (FK1 and FK2) 
change the modulation mode. Closing FK1 changes the mod- 
ulation from FSK to AM and the start-bit polarity. Closing FK2 
changes the start-bit to a logical 0. 

The full range of options available is illustrated in Table 1 . 

Table 1. 





Start 
Bit 


Modulation 


Bit-F 


Channels 


E9 = Open 


1 


FSK 





0-31 


E9 = A1 (FK1) 


1 


AM 





0-31 


E9 = A2 (FK2) 





FSK 





0-31* 


E9 = A3 (FK3) 


1 


FSK 


1 


32-61 


E9 = A1 . A2 





AM 





0-31 


E9 = A1 . A3 


1 


AM 


1 


32-61 


E9 = A2 . A3 





FSK 


1 


32-61* 


E9 = A1.A2.A3 





AM 


1 


32-61 



*Not allowed. 

One of the transmitter's major features Is its low power con- 
sumption (in the order of 10 |iA in the idle state). For this 
reason, the battery is perpetually in circuit. It has in fact been 
found that a light discharge current is beneficial to battery life. 

In its active state, the transmitter efficiency is increased by 
the use of a low duty cycle which is less than 2.5% for the mod- 
ulating pulse trains. 

While no key is pressed, the circuit is in its diel state and the 
reference oscillaotr is stopped, also, the eifht address input 
lines are held high through internal pull-up resistors. 

As soon as a key is pressed, this takes the appropriate ad- 
dress line low, signaling to the circuit that a key has been 
selected. The oscillator is now enabled. If the key is released 
before the code word has been sent, the circuit returns to its 
idle state, to account for accidental activation of the transmit- 
ter, the circuit has a built-in rective time of approximately 20 
ms, which also overcomes contact bounce. After this delay, 
the code word will be sent and repeated at 90 ms intervals for 
as long as the key is pressed. As soon as the key is released, 
the circuit automatically sends channel 62, the "End of Trans- 
mission" (EOT) code. The transmitter then returns to its idel 
steate. 

The differences between the two modulation modes are il- 
lustrated in Figure 4. However, it should be noted that in the 
AM mode, each transmitted word is preceded bya burst of 
pulses lasting 512 |is. This Is used to set up the AGC loop in 
the receiver's preamp. In the FSK mode, the first frequency of 
the first bit is extended by 1.5 ms and the AGC burst is sup- 
pressed. In either mode, it is assumed that the normal start-bit 
is present. 
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PIN DESCRIPTIONS 

E1-E8 

Row Inputs (Pins 1, 2, 10, 11, 14, 15, 16, 17) 

Under idle conditions, these inputs are held high by internal 
pull-up resistors. As soon as a key is pressed, a logical on 
that particular line signals to the circuit that a key has been se- 
lected. After a delay of 20 ms, the Internal register Is loaded 
with the code word for the key selected. 

E9 

Row Input (Pin 3) 

This is a special programming input and when connected to 
the appropriate scanner output via a diode, it will modify the 
transmitted output according to Table 1 . 

In Table 1 , the figures in brackets (FK1 , etc.) refer to the 
switches shown in the Block Diagram and Figure 3. If only one 
option is required, the diode may be omitted. The connections 
shown in Table 1 may be made in any combination. 

Although E9 is a row input, forcing this line low will not acti- 
vate the circuit. 

A1-A4 

Scanner Outputs (Pins 4-7) 

Under idle conditions, these outputs are held low, logical 0. 
when a key is pressed, the circuit is activated and the oscillator 
will start and release the outputs (see Figure 5). 

OSCjn, OSCout 

Oscillator Input and Oscillator Output (Pins 12, 13) 

These pins are designed to operate with a 500 kHz ceramic 
resonator or a tune LC circuit. It is important that a ceramic res- 
onator and not a filter be used here, as the oscillator 
frequency cannot be guaranteed if a ceramic filter is used. 

SIGNAL OUT 
Signal Output (Pin 8) 

This output provides the modulating signal ready to drive 
the modulation amplifier. If required, the transmitter can be 
used as a keyboard encoder for direct use with a receiver. In 
this case, the AM option is selected, the output inverted, and 
fed directly to the receiver's signal input pin. 
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Note: Maximum key contact resistance = Ikfl 

Figure 3. 64-Key Keyboard 
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Figure 4. Transmitted Waveforms and Timing (not drawn to scale) 
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KEY RELEASED 
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A4 



Figure 5. Scanner Output Timing Diagram 
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*Visible Indicator 



CI and C2 are sized per the ceramic resonator supplier's recommendation. 
Ceramic Resonator Suppliers: 

1. Morgan Matrox, Inc., Bedford, OH, 216/232-8600 

2. Radio Materials Co., Attica, IN, 31 7/762-2491 

Motorola cannot recommend one supplier over another and in no way suggests that this is a complete listing of ceramic resonator suppliers. 



Figure 6. Typical Application Circuit 
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AGC BURST Start Bit 





2.84 ms 




1.155 ms 


1.1ms 




590 




590 




590 

flS 


1.16 ms 




540 




540 
^s 






540 
^s 




540 
^s 




540 






540 



Notes: 

1. f4 = 28.4 kHz. 

2. Indicated time durations are approximated. 



Figure 7. AM Mode Transmitted Wavetrain with 455 l(Hz Oscillator 



Table 2. Transmitted Codes 



Channel 


Codeword 
F E D C B 


A 


Keyboard 
In Out 


Code Word Keyboard 
Channel F E D C B A In Out 














E8 


A4 


32 1 E8a A4 


1 










El 


A4 


33 1 Ela A4 


2 









E2 


A4 


34 10 E2a A4 


3 









E3 


A4 


35 Oil E3a A4 


4 


1 







E4 


A4 


36 10 E4a A4 


5 


1 







E5 


A4 


37 10 1 E5a A4 


6 


1 






E6 


A4 


38 110 E6a A4 


7 


1 






E7 


A4 


39 111 E7a A4 


8 


10 







E8 


A1 


40 10 10 E8a A1 


9 










El 


A1 


41 1 Ela A1 


10 









E2 


A1 


42 10 E2a A1 


11 









E3 


A1 


43 Oil E3a A1 . 


12 


1 







E4 


A1 


44 10 E4a A1 


13 


1 







E5 


A1 


45 10 1 E5a A1 


14 


1 






E6 


A1 


46 110 E6a A1 


15 


1 






E7 


A1 


47 111 E7a A1 


16 


10 







E8 


A3 


48 1 1 E8a A3 


17 










E1 


A3 


49 1 Ela A3 


18 









E2 


A3 


50 1 E2a A3 


19 









E3 


A3 


51 Oil E3a A3 


20 


1 







E4 


A3 


52 1 E4a A3 


21 


1 







E5 


A3 


53 10 1 E5a A3 


22 


1 






E6 


A3 


54 110 E6a A3 


23 


1 






E7 


A3 


55 111 E7a A3 


24 


110 







E8 


A2 


56 1 1 1 E8a A2 


25 










El 


A2 


57 1 Ela A2 


26 









E2 


A2 


58 10 E2a A2 


27 









E3 


A2 


59 Oil E3a A2 


28 


1 







E4 


A2 


60 10 E4a A2 


29 


1 







E5 


A2 


61 10 1 E5a A2 


30 


1 






E6 


A2 


62 1 1 E6a A2 


31 


111 






E7 


A2 


Not 111111 E7a A2 
Transmitted 

NOTE: Although the "a" suffix applies to a phantom input when 
using a keyboard with up to 64 keys, the coding is identical with 
a 32-key keyboard when switch FK3 is closed. 
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MOTOROLA 

SEMICONDUCTOR! 

TECHNICAL DATA 



Advance Information 
Sleep-Mode™ Two-State, 
Micropower Operational Amplifier 

The MC33102 dual operational amplifier is an innovative design concept 
employing Sleep-Mode™ technology. Sleep-Mode amplifiers have two 
separate states, a sleepmode and an awakemode. In sleepmode, the 
amplifier is active and waiting for an input signal. When a signal is applied 
causing the amplifier to source or sink 160 jiA (typically) to the load, it will 
automatically switch to the awakemode which offers higher slew rate, gain 
bandwidth, and drive capability. 

• Two States: "Sleepmode" (Micropower) and "Awakemode" 
(High Performance) 

• Switches from Sleepmode to Awakemode in 4.0 \xs when Output Current 
Exceeds the Threshold Current (Rl = 600 Q) 

• Independent Sleepmode Function for Each Op Amp 

• Standard Pinouts - No Additional Pins or Components Required 

• Sleepmode State - Can Be Used In the Low Current Idle State as a Fully 
Functional Micropower Amplifier 

• Automatic Return to Sleepmode when Output Current Drops Below 
Threshold 

• No Deadband/Crossover Distortion; as Low as 1 .0 Hz in the Awakemode 

• Drop-in Replacement for Many Other Dual Op Amps 

• ESD Clamps on Inputs Increase Reliability without Affecting Device 
Operation 

TYPICAL SLEEPMODE/AWAKEMODE PERFORMANCE 



Characteristic 


Sleepmode 
(Typical) 


Awakemode 
(Typical) 


Unit 


Low Current Drain 


45 


750 


HA 


Low Input Offset Voltage 


0.15 


0.15 


mV 


High Output Current Capability 


0.15 


50 


mA 


Low TC. of Input Offset Voltage 


1.0 


1.0 


fiV/°C 


High Gain Bandwidth (@20 kHz) 


0.33 


4.6 


MHz 


High Slew Rate 


0.16 


1.7 


V/^s 


Low Noise (@ 1.0 kHz) 


28 


9.0 


nVTTHz 



MAXIMUM RATINGS 



Ratings 


Symbol 


Value 


Unit 


Supply Voltage (Vcc to Vee) 


vs 


+36 


V 


Input Differential Voltage Range 
Input Voltage Range 


V|DR 
V|R 


(Notel) 


V 


Output Short Circuit Duration (Note 2) 


tsc 


(Note 2) 


sec 


Maximum Junction Temperature 
Storage Temperature 


Tj 
"''stg 


+150 
-65 to +150 


°C 


Maximum Power Dissipation 


Pd 


(Note 2) 


mW 



MC33102 



DUAL SLEEP-MODE^^ 
OPERATIONAL AMPLIFIERS 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



D SUFFIX 




PLASTIC PACKAGE 


^^^ 


CASE 751 


^^^ 


(SO-8) 


1 


P SUFFIX 


(^ 


PLASTIC PACKAGE 


TOflTArJ 


CASE 626 


1 



PIN CONNECTIONS 



Outputi [T- 

J[I- 

Inputs 1 \ |_ 
VeeII 



1^ 



ki 



H Vcc 

T] Output 2 

H 



Inputs 
2 



(Dual Package, 
Top View) 



ORDERING INFORMATION 



NOTES: 1. Either or both input voltages should not exceed Vcc or Vee. 

2. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not 
exceeded (refer to Figure 1 ). 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 



Device 


Temperature Range 


Pacl(age 


MC33102D 


-40°to+85°C 


SO-8 


MC33102P 


Plastic DIP 



MC33102 
2-208 
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Simplified Block Diagram 



Fractional 

Load Current 

Detector 




DC ELECTRICAL CHARACTERISTICS (Vqc = +1 5 V, Vee = -1 5 V, Ta = 25°C, unless otherwise noted.) 



Characteristics 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Input Offset Voltage (Rs = 50 Q, Vqm = V, Vq = V) 
Sleepmode 

Ta = +25°C 

Ta = -40° to +85°C 
Awakemode 

Ta = +25°C 

Ta = -40° to +85°C 


2 


IVjol 


- 


0.15 
0.15 


2.0 
3.0 

2.0 
3.0 


mV 


Input Offset Voltage Temperature Coefficient 
(RS = 50Q,VcM = 0V.Vo = 0V) 
Ta = -40° to +85°C (Sleepmode and Awakemode) 


3 


AV|o/AT 




1.0 




HV/°C 


Input Bias Current (Vcm = V, Vq = V) 
Sleepmode 

Ta = +25°C 

Ta = -40° to +85°C 
Awakemode 

Ta = +25°C 

Ta = -40° to +85°C 


4.6 


l|B 


- 


8.0 
100 


50 
60 

500 
600 


nA 


Input Offset Current (Vcm = V, Vq = V) 
Sleepmode 
Ta = +25°C 
Ta = -40° to +85°C 
Awakemode 
Ta = +25°C 
Ta = -40° to +85°C 




Hiol 


- 


0.5 
5.0 


5.0 
6.0 

50 
60 


nA 
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DC ELECTRICAL CHARACTERISTICS (Vqc = +1 5 V, 


Vee = -15 V," 


Fa = 25°C, unless otherwise noted.) 






Characteristics 


Figure 


Symbol 


iViin 


Typ 


fAax 


Unit 


Common Mode Input Voltage Range 


5 


V|CR 








V 


(AV|o = 5.0mV,Vo = 0V) 














Sleepmode and Awakemode 






-13 


-14.8 
+14.2 


+13 




Large Signal Voltage Gain 


7 


AVOL 








kVA/ 


Sleepmode (RL= 1.0 MQ) 














Ta = +25°C 






25 


200 


— 




Ta = -40° to +85°C 






15 


— 


— 




Awakemode (Vq = ±10 V, Rl = 600 Q) 














Ta = +25°C 






50 


700 


— 




Ta = -40° to +85°C 






25 


— 


— 




Output Voltage Swing (V|d = ±1 .0 V) 


8,9,10 










V 


Sleepmode (Vqc = +1 5 V. Vee = -1 5 V) 














RL=1.0Mn 




vo+ 


+13.5 


+14.2 


— 




RL=1.0Mn 




vo- 


— 


-14.2 


-13.5 




Awakemode (Vqc = +15 V, Vee = -15 V) 












V 


Rl = 600Q 




vo+ 


+12.5 


+13.6 


— 




Rl = 600 n 




vo- 


— 


-13.6 


-12.5 




Rl = 2.0 kfi 




vo+ 


+13.3 


+14 


— 




Rl = 2.0 kft 




vo- 


— 


-14 


-13.3 




Awakemode (Vqc = +2.5 V, Vee = -2.5 V) 














Rl = 600Q 




vo+ 


+1.1 


+1.6 


— 




RL = 600fi 




vo- 


— 


-1.6 


-1.1 




Common Mode Rejection (Vqm = ±13 V) 


11 


CMR 








dB 


Sleepmode and Awakemode 






80 


90 


— 




Power Supply Rejection (VccA/ee = +15 V/-1 5 V, 


12 


PSR 








dB 


5.0V/-15V,+15V/-5.0V) 














Sleepmode and Awakemode 






80 


100 


— 




Output Transition Current 


13,14 










^A 


Sleepmode to Awakemode (Source/Sink) 




llTHll 










(Vs = ±15V) 






200 


160 


— 




(Vs = ±2.5V) 






250 


200 


— 




Awakemode to Sleepmode (Source/Sink) 




llTH2l 










(Vs = ±15V) 






— 


142 


90 




(Vs = ±2.5V) 






— 


180 


140 




Output Short Circuit Current (Awakemode) 


15,16 


lisd 








mA 


(V|D = ±1 .0 V, Output to Ground) 














Source 






50 


110 


— 




Sink 






50 


110 


— 




Power Supply Current (per Amplifier) (Aql = 1 , Vq = OV) 


17 


Id 








ha 


Sleepmode (Vs = ±15 V) 














Ta = +25°C 






— 


45 


65 




TA = -40°to+85°C 






— 


48 


70 




Sleepmode (Vs = ±2.5 V) 














Ta = +25°C 






— 


38 


65 




Ta = -40° to +85°C 






— 


42 


— 




Awakemode (Vs=: ±15 V) 














Ta = +25°C 






— 


750 


800 




Ta = -40° to +85°C 






— 


800 


900 
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AC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, ^ 


^EE = -15 V, Ta = 25°C, unless otherwise noted.) 






Characteristics 


Figure 


Symbol 


Min 


Typ 


IViax 


Unit 


Slew Rate (Vjn = -5.0 V to +5.0 V, Cl = 50 pF, Av = 1 .0) 
Sleepmode (Rl = 1 .0 MQ) 
Awakemode (Rl = 600 Q) 


18 


SR 


0.10 
1.0 


0.16 
1.7 


- 


V/^is 


Gain Bandwidth Product 
Sleepmode (f= 10 kHz) 
Awakemode (f = 20 kHz) 


19 


GBW 


0.25 
3.5 


0.33 
4.6 


- 


MHz 


Sleepmode to Awakemode Transition Time 
(AcL = 0.1,Vin = 0Vto+5.0V) 
Rl = 600 n 
RL=10kQ 


20,21 


ttn 


- 


4.0 
15 


- 


\is 


Awakemode to Sleepmode Transition Time 


22 


ttr2. 


^ — 


1.5 


— 


sec 


Unity Gain Frequency (Open-Loop) 
Sleepmode (Rl = 100 kQ, Cl = pF) 
Awakemode (Rl = 600 Q, Cl = pF) 




fu 


- 


200 
2500 


- 


kHz 


Gain Margin 
Sleepmode (Rl = 100 kQ, Cl = pF) 
Awakemode (Rl = 600 Q, Cl = pF) 


23,25 


Am 


- 


13 
12 


- 


dB 


Phase Margin 
Sleepmode (Rl = 1 00 kQ, Cl = pF) 
Awakemode (Rl = 600 Q, Cl = pF) 


24,26 


0M 


- 


60 
60 


- 


Degrees 


Channel Separation (f = 100 Hz to 20 kHz) 
Sleepmode and Awakemode 


29 


cs 





120 





dB 


Power Bandwidth (Awakemode) 
(Vo = 10 Vp.p, Rl = 100 WQ, THD < 1%) 




BWp 





20 





kHz 


Total Harmonic Distortion (Vq = 2.0 Vp.p, Ay = 1 .0) 
Awakemode (Rl = 600 Q) 
f= 1.0 kHz 
f= 10 kHz 
f = 20 kHz 


30 


THD 


- 


0.005 
0.016 
0.031 


— 


% 


DC Output Impedence (Vq = V, Ay = 10, Iq = 10 ^lA) 
Sleepmode 
Awakemode 


31 


Ro 


- 


1.0 k 
96 


- 


Q 


Differential Input Resistance (VcM = V) 
Sleepmode 
Awakemode 




Rin 


- 


1.3 
0.17 


- 


MQ 


Differential Input Capacitance (VcM = V) 
Sleepmode 
Awakemode 




Cin 


- 


0.4 
4.0 


- 


pF 


Equivalent Input Noise Voltage (f = 1 .0 kHz, Rs = 100 Q) 
Sleepmode 
Awakemode 


32 


en 


- 


28 
9.0 


- 


nV/VHz 


Equivalent Input Noise Current (f = 1 .0 kHz) 
Sleepmode 
Awakemode 


33 


in 


- 


0.01 
0.05 


- 


pA/>/Tlz 
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Figure 1. Maximum Power Dissipation 
versus Temperature 



<iOUU 
















^UUU 


V, 




^^ 


MC331 


32P 






IbOO 




MC 


33102D 


'^ 


s^ 






lUOO 








^ 


..^ 


'"^^ 


^ 


bUU 
n 












"^ 


^^ 



-55-40 -25 



25 50 85 

Ta, ambient temperature (°C) 



125 



o 



Figure 2. Distribution of input Offset Voltage 
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Figure 3. Input Offset Voltage Temperature 
Coefficient Distribution 
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Figure 4. Input Bias Current versus 
Common Mode Input Voltage 
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Figure 6. Input Bias Current versus Temperature _ 
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Figure 7. Open-Loop Voltage Gain 
versus Temperature 
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Figure 8. Output Voltage Swing 
versus Supply Voltage 
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Figure 9. Output Voltage versus Frequency 
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Figure 10. Maximum Peak-to-Peak Output 
Voltage Swing versus Load Resistance 
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Figure 11. Common Mode Rejection 
versus Frequency 
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Figure 12. Power Supply Rejection 
versus Frequency 
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Figure 13. Sleepmode to Awakemode 
Current Threshold versus Supply Voltage 
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Figure 14. Awakemode to Sleepmode 
Current Threshold versus Supply Voltage 
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Figure 15. Output Short Circuit Current 
versus Output Voltage 
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Figure 16. Output Short Ciruit Current 
versus Temperature 
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Figure 17. Power Supply Current Per Amplifier 
versus Temperature 
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Figure 18. Slew Rate versus Temperature 
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Figure 19. Gain Bandwidth Product 
versus Temperature 
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Figure 20. Sleepmode to Awal<emode 
Transition Time 
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Figure 21 . Sleepmode to Awakemode 
Transition Time 




Figure 22. Awakemode to Sleepmode Transition Time 
versus Supply Voltage 
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Figure 23. Gain Margin versus 
Differential Source Resistance 
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Figure 24. Phase Margin versus 
Differential Source Resistance 
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Figure 25. Open-Loop Gain Margin versus 
Output Load Capacitance 
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Figure 26. Phase Margin versus 
Output Load Capacitance 
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Figure 27. Sleepmode Voltage Gain and Phase 
versus Frequency 
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Figure 28. Awalcemode Voltage Gain and Phase 
versus Frequency 
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Figure 29. Channel Separation versus Frequency 
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Figure 30. Total Harmonic Distortion 
versus Frequency 
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Figure 31. Awakemode Output Impedence 
versus Frequency 
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Figure 32. Input Referred Noise Voltage 
versus Frequency 
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Figure 33. Current Noise versus Frequency 



Figure 34. Percent Overshoot 
versus Load Capacitance 
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Figure 35. Sleepmode Large Signal 
Transient Response 



Figure 36. Awakemode Large Signal 
Transient Response 
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Figure 37. Sleepmode Small Signal 
Transient Response 



Figure 38. Awakemode Small Signal 
Transient Response 
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CIRCUIT INFORMATION 



The MC33102 was designed primarily for applications 
where high performance (which requires higher current drain) 
is required only part of the time. The two-state feature of this 
op amp enables it to conserve power during idle times, yet 
to be powered up and ready for an input signal. Possible 
applications include laptop computers, automotive, cordless 
phones, baby monitors, and battery operated test equipment. 
Although most applications will require low power 
consumption, this device can be used in any application 
where better efficiency and higher performance is needed. 

The Sleep-Mode™ amplifier has two states; a sleepmode 
and an awakemode. In the sleepmode state the amplifier is 
active and functions as a typical micropower op amp. When 
a signal is applied to the amplifier causing it to source or sink 
sufficient current (see Figure 13), the amplifier will 
automatically switch to the awakemode. See Figures 20 and 
21 for transition times with 600 Q and 10 kQ loads. 



The awakemode uses higher drain current to provide a 
high slew rate, gain bandwidth, and output current capability. 
In the awakemode, this amplifier can drive 27 Vp-p into a 
600 Q load with Vs = ±15 V. 

An internal delay circuit is used to prevent the amplifier 
from returning to the sleepmode at every zero crossing. This 
delay circuit also eliminates the crossover distortion 
commonly found in micropower amplifiers. This amplifier can 
process frequencies as low as 1 .0 Hz without the amplifier 
returning to sleepmode, depending on the load. 

The first stage PNP differential amplifier provides low noise 
performance in both the sleep and awake modes, and an 
all NPN output stage provides symmetrical source and sink 
AC frequency response. 



APPLICATIONS INFORMATION 



The MC33102 will begin to function at power supply 
voltages as low as Vs = ±1 .0 V at room temperature. (At this 
voltage, the output voltage swing will be limited to a few 
hundred millivolts). The input voltages must range between 
Vcc 3nd Vee supply voltages as shown in the maximum 
rating table. Specifically, allowing the input to go more 
negative than 0.3 V below Vee ^^V cause product 
damage. Also, exceeding the input common mode voltage 
range on either input may cause phase reversal, even if the 
inputs are between Vcc and Vee- 

When power is initially applied, the part may start to 
operate in the awakemode. This is because of the currents 
generated due to charging of internal capacitors. When this 
occurs and the sleepmode state is desired, the user will have 
to wait approximately 1.5 seconds before the device will 
switch back to the sleepmode. To prevent this from occurring, 
ramp the power supplies from 1 .0 V to full supply. Notice that 
the device is more prone to switch into the awakemode when 
Vee 'S adjusted than with a similar change in Vcc- 

The amplifier is designed to switch from sleepmode to 
awakemode whenever the output current exceeds a preset 



current threshold (IjH) o^ approximately 160 ^A. As a result, 
the output switching threshold voltage (Vst) 's controlled by 
the output loading resistance (Rl). This loading can be a load 
resistor, feedback resistors, or both. Then: 

Vst = (160^iA)*Rl 

Large valued load resistors require a large output voltage 
to switch, but reduce unwanted transitions to the 
awakemode. For instance, in cases where the amplifier is 
connected with a large closed-loop gain (Acl). the input offset 
voltage (V|o) is multiplied by the gain at the output and could 
produce an output voltage exceeding Vst with no input 
signal applied. 

Small values of Rl allow rapid transition to the awakemode 
because most of the transition time is consumed slewing in 
the sleepmode until Vst is reached (see Figures 20, 21). 
The output switching threshold voltage Vst 's higher for 
larger values of Rl, requiring the amplifier to slew longer in 
the slower sleepmode state before switching to the 
awakemode. 
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The transition time (ttri) required to switch from sleep to 
awake mode is: 

ttr1 = tD + ItH (RL/SRsleepmode) 

where: to = Amplifier delay (<1.0 |is) 

Ith = Output threshold current for mode 

transition (160 |xA) 
Rl = Load resistance 
SRsleepmode = Sleepmode slew rate (0.16 V/|is) 

Although typically 160 \iA, Ijh varies with supply voltage 
and temperature. In general, any current loading on the 
output which causes a current greater than IjH to flow will 
switch the amplifier into the awakemode. This includes 
transition currents such as that generated by charging load 
capacitances. In fact, the maximum capacitance that can be 
driven while attempting to remain in the sleepmode is 
approximately 1000 pF. 

CL(max) = 'TH/SRsleepmode 
= 160^A/(0.16V/ns) 
= 1000pF 

Any electrical noise seen at the output of the MC33102 
may also cause the device to transition to the awakemode. 



To minimize this problem, a resistor may be added in series 
with the output of the device (inserted as close to the device 
as possible) to isolate the op amp from both parasitic and 
load capacitance. 

The awakemode to sleepmode transition time is controlled 
by an internal delay circuit, which is necessary to prevent 
the amplifier from going to sleep during every zero crossing. 
This time is a function of supply voltage and temperature as 
shown in Figure 22. 

Gain bandwidth product (GBW) In both modes is an 
important system design consideration when using a 
sleepmode amplifier. The amplifier has been designed to 
obtain the maximum GBW in both modes. "Smooth" AC 
transitions between modes with no noticeable change in the 
amplitude of the output voltage waveform will occur as long 
as the closed-loop gains (Aql) '" both modes are 
substantially equal at the frequency of operation. For smooth 
AC transitions: 

(ACLsleepmode) (BW) < GBWsieepmo 

where: AcLsleepmode = Closed-loop gain in 
the sleepmode 
BW = The required system bandwidth 
or operating frequency 



TESTING INFORMATION 



To determine if the MC33102 is in the awakemode or the 
sleepmode, the power supply currents (Id+ and Iq-) must be 
measured. When the magnitude of either power supply 
current exceeds 400 |iA the device is in the awakemode. 
When the magnitudes of both supply currents are less than 
400 }iA, the device is in the sleepmode. Since the total supply 
current is typically ten times higher in the awakemode than 
the sleepmode, the two states are easily distinguishable. 

The measured value of Id+ equals the Iq of both devices 
(for a dual op amp) plus the output source current of device 
A and the output source current of device B. Similarly, the 
measured value of Iq- is equal to the Iq- of both devices plus 
the output sink current of each device, lout 's the sum 



of the currents caused by both the feedback loop and load 
resistance. The total lout needs to be subtracted from the 
measured Iq to obtain the correct Id of the dual op amp. 

An accurate way to measure the awakemode lout current 
on automatic test equipment is to remove the lout current on 
both Channel A and B. Then measure the Id values before 
the device goes back to the sleepmode state. The transition 
will take typically 1 .5 seconds with ±1 5 V power supplies. 

The large signal sleepmode testing in the characterization 
was accomplished with a 1 .0 MQ load resistor which ensured 
the device would remain in sleepmode despite large 
voltage swings. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



IVIC33110 



Low Voltage Compander 

The MC331 10 contains two variable gain circuits configured for 
compressing and expanding the dynamic range of an audio sig- 
nal. One circuit is configured as an expander, while the other 
circuit can be configured as a compressor or expander. Each cir- 
cuit has a full wave rectifier to provide average value information 
to a variable gain cell located in either the input stage or the 
feedback path. An internal, temperature stable bandgap reference 
provides the necessary precision voltages and currents required. 

The MC331 10 will operate from a supply voltage of 2.1 to 7.0 V, 
over a temperature range of -40° to +85°C. The device is 
designed to accommodate an 80 dB dynamic range from -60 dB 
to +20 dB, referenced to 100 mVrms. 

Applications include cordless telephone, CB, walkie-talkie, most 
voice RF links, and any application where the signal-to-noise ratio 
can be improved by reducing the transmitted dynamic range. 
Other applications include speakerphone and voice activated 
intercom, dictating machine, standard telephone, etc. 

The MC33110 is packaged in a 14 pin DIP for through-the-hole 
applications and an SO-14 surface mount. 

• Operating Supply Voltage: 2.1 to 7.0 V 

• No Precision External Components Required 

• 80 dB Dynamic Range Compressed to 40 dB, Re-expandable 
to 80 dB 

• Unity Gain Level: 100 mVrms 

• Adjustable Response Time 

• Ambient Operating Temperature: -40° to +85°C 

• Temperature Compensated Reference 

• Applications Include Cordless Phone, CB Radio, 
Speakerphone, etc. 
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ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC33110D 
MC33110P 


-40°Cto +85°C 


SO-14 
Plastic DIP 



MC33110 
2-220 
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PIN DESCRIPTION 



Name 


Pin 


Description 


Vref 


1 


Normally this pin is not used and is left open. It can be used to make limited 
adjustments to the dB level. Any noise or leakage at this pin will affect the dB level 
and gain tracking. 


NC 


2, 13 


No connection. These pins are not internally connected. 


Expander Filter 


3 


Connect to an external capacitor to filter the full wave rectifier's output. This capacitor 
affects attack and decay times, as well as low frequency accuracy. 


Expander Output 


4 


Output of the expander amplifier. 


Expander Input 


5 


The input impedance is nominally 3.2 kH. Nominal signal range is 3.16 mVrms to 
316 mVrms. Must be capacitor coupled to the signal source. 


Vb 


6 


An internal reference voltage, nominally Vcc/2. This is an AC ground and must be well 
filtered to obtain high power supply rejection and low crosstalk. 


Ground 


7 


Connect to a clean power supply ground. 


Compressor Feedback 


8 


Input to the compressor variable gain stage and rectifier. Normally the signal is 
supplied by the compressor's output (Pin 11). Input impedance is nominally 3.2 kfl. 


Inverting Input 


9 


Inverting input to the compressor amplifier. Normally, this is connected to the 
compressor's output through a filtered DC feedback path. 


Compressor Input 


10 


The input impedance is nominally 10 kfl. Nominal signal range is 100 ynVrms to 1.0 
Vrms. Must be capacitor coupled to the signal source. 


Compressor Output 


11 


Output of the compressor amplifier. 


Compressor Filter 


12 


Connect to an external capacitor to filter the full wave rectifier's output. This capacitor 
affects attack & decay times, and low frequency accuracy. 


vcc 


14 


Power supply pin. Connect to a power supply providing between 2.1 V and 7.0 V. 
Nominal current consumption is 3.5 mA. 



'ref 



COMPRESSOR 



j — I Rectifier 
^ A Gain 



Re 



X 



R4 



R5 X Re X Iref x Vjn 
7.2 X R4 

0.3162 X vvi;; 



TRANSFER FUNCTIONS EXPANDER 

COMPRESSION EXPANSION 



Vb— k^ ^"^Vout _iodB 

•v--»-wv— I n..n 10 mV 



20 dB 
10dB 
OdB 
-lOdB 
20 dB 
-30dB 
-40dB 
-50dB 
-60dB 



1.0 V 



100 mV 



100 /LiV 



X. 



316 mV 



X" 



10 mV 




A Gain 




VB-i 



-►'ref 



(VOLTAGES ARE RMS) 



Rectifier 



Vout 



X 






7.2 


K R3 X 


Vi„2 


Ri 


X R2 > 


Iref 


= 10 X 


Vi„2 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Vcc Supply Voltage 


Vcc 


+ 12, -0.5 


Vdc 


High Input Voltage (Pin 5 & 10) 


V|H 


Vcc + 0.5 


Vdc 


Low Input Voltage 


V|L 


-0.5 


Vdc 


Output Source Current (Pin 4 & 11) 


io+ 


Self-Limiting 




Output Sink Current 


lO- 


20 


mA 


Junction Temperature 


Tj 


-65, +150 


°C 



Devices should not be operated at these values. The "Recommended Operating Conditions" table 
provides conditions for actual device operation. 



RECOMMENDED OPERATING CONDITIONS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Vcc Supply Voltage 


Vcc 


2.1 


— 


7.0 


Vdc 


Input Voltage Range 
Compressor, 2.1 V < Vcc < 7.0 V 
Expander, Vcc = 2.1 V 
Expander, 3.0 V < Vcc < 7.0 V 


V|R 







- 


1.0 
0.25 
0.316 


Vrms 


Input Frequency 


Fin 


100 


— 


20 k 


Hz 


Output Load 
Compressor (Pin 11, Vq = 100 mV) 
Expander (Pin 4, Vq = 100 mV) 


Rl 


300 
150 


- 


00 
CO 


n 


Ambient Temperature 


ta 


-40 


— 


+ 85 


°C 



All limits are not necessarily functional concurrently. 
ELECTRICAL CHARACTERISTICS (Vcc = 5.0 V, f = 1.0 kHz, unless otherwise noted, Ta = 25°C, see Figure 1) 



Characteristic 



Symbol 



Min 



Typ 



Max 



Unit 



POWER SUPPLY 



Power Supply Current 
Vcc = +5.0 V 
Vcc = +2.1 V 


Ice 


- 


3.5 
3.3 


5.5 


mA 


Vb Voltage 
Vcc = +5.0 V 
2.1 V< Vcc < 7.0 V 


Vb 


2.4 


2.5 
Vcc/2 


2.6 


Vdc 



COMPRESSOR 



dB Gain 
Vjn = 100 mVrms, Pin 1 = Open 


G(CO) 


-1.5 





1.5 


dB 


Gain Tracking 
@ Vjn = 1.0 Vrms, output relative to G(co) 
@ Vjn = 10 mVrms, output relative to G(co) 
@ Vjn = 1.0 mVrms, output relative to G(C0) 
@ Vjn = 100 jLiVrms, output relative to G(co) 


Gt 


+ 9.0 

-31 


+ 10 
-10 
-20 
-30 


+ 11 
-29 


dB 


Total Harmonic Distortion 
Vjn = lOOmVrms, f = 1.0 kHz 


THD 





0.1 


1.5 


% 


Power Supply Rejection 
f = 1.0 kHz, CvB = 10 /aF, Vjn = -20 dB 


PSRR 


_ 


22 


_ 


dB 


Attack Time (Capacitor @ Pin 12 = 2.2 /xF) 


ta(C) 


— 


6.0 


— 


ms 


Decay Time (Capacitor @ Pin 12 = 2.2 ixf) 


td(C) 


— 


20 


— 


ms 


Input Impedance Pin 10 

Pin 8 


Rin 


— 


10 
3.2 


— 


kfl 


Peak Output Current Pin 1 1 


Ipk 


— 


0.3 


— 


mA 


Output Offset 
Pin 11, with respect to Pin 6, NO SIGNAL 
Change from NO SIGNAL to 1.0 Vrms at Input 


voo 


-150 



50 


+ 150 


mVdc 



MC33110 
2-222 
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ELECTRICAL CHARACTERISTICS (Vqc = 5.0 V, f = 1.0 kHz, unless otherwise noted, Ta - 25°C, see Figure 1) 



Characteristic Symbol Mm Typ Max Unit 



EXPANDER 



dB Gain 
(Vjn = 100 mVrms, Pin 1 = open) 


G(EO) 


-1.5 





1.5 


dB 


Gain Tracking 
@ Vjn = 316 mVrms, output relative to G(eo) 
@ Vjn = 31.6 mVrms, output relative to G(eo) 
@ Vjn = 10 mVrms, output relative to G(eo) 
@ Vjn = 3.16 mVrms, output relative to G(eo) 


Gt 


+ 19 
-61 


+ 20 
-20 
-40 
-60 


+ 21 
-59 


dB 


Total Harmonic Distortion 
Vjn = lOOmVrms, f = 1.0 kHz 


THD 





0.06 


1.5 


% 


Power Supply Rejection (f = 1.0 kHz, CvB = 10 /aF) 


PSRR 


— 


37 


— 


dB 


Attack Time (Capacitor @ Pin 3 = 2.2 /xF) 


ta(E) 


— 


19 


— 


ms 


Decay Time (Capacitor @ Pin 3 = 2.2 fxF) 


td(E) 


— 


20 


— 


ms 


Input Impedance Pin 5 


Rin 


— 


3.2 


— 


ka 


Peak Output Current Pin 4 


Ipk 


— 


1.0 


— 


mA 


Output Offset 
Pin 4, with respect to Pin 6, NO SIGNAL 
Change from NO SIGNAL to 316 mVrms at Input 


voo 


-150 



25 


+ 150 


mVdc 



MISCELLANEOUS 



Gain (Pin 10 to Pin 4; Pin 11 capacitor coupled to Pin 5) 
Vcc = 7.0 V, Vjn - I.OVrms 
Vcc = 3.0V, Vjn = I.OVrms 
Vcc = 2.1 V, Vjn = 31.6mVrms 


Av 


-2.5 
-2.5 
-2.5 







+ 2.5 
+ 2.5 
+ 2.5 


dB 


Channel Separation 
Expander to Compressor, output measured at Pin 11 
Vjn @ Pin 5 = 316 mVrms, f = 1.0 kHz 
Vjn @ Pin 5 = 316 mVrms, f = 10 kHz 


CS 


43 
65 


48 
68 

107 
114 


- 


dB 


Compressor to Expander, output measured at Pin 4 
Vjn @ Pin 10 = 1.0 Vrms, f - 1.0 kHz 
Vjn @ Pin 10 = 1.0 Vrms, f - 10 kHz 



FIGURE 1 — TEST CIRCUIT 
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COMPRESSOR 



EXPANDER 



FIGURE 2 — COMPRESSOR TRANSFER CHARACTERISTICS 



FIGURE 3 — EXPANDER TRANSFER CHARACTERISTICS 
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FIGURE 4 — COMPRESSOR TRANSFER CHARACTERISTICS 



FIGURE 5 — EXPANDER TRANSFER CHARACTERISTICS 
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FIGURE 6 — POWER SUPPLY REJECTION (COMPRESSOR) 
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FIGURE 7 — POWER SUPPLY REJECTION (EXPANDER) 
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COMPRESSOR 

FIGURE 8 — POWER SUPPLY REJECTION (COMPRESSOR) 




EXPANDER 

FIGURE 9 — POWER SUPPLY REJECTION (EXPANDER) 
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FIGURE 10 — FREQUENCY RESPONSE (COMPRESSOR) 



FIGURE 11 — FREQUENCY RESPONSE (EXPANDER) 
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FIGURE 12 — FREQUENCY RESPONSE (COMPRESSOR) 



FIGURE 13 — FREQUENCY RESPONSE (EXPANDER) 
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FIGURE 14 — ATTACK AND DECAY TIMES (COMPRESSOR) 



FIGURE 15 — ATTACK AND DECAY TIMES (EXPANDER) 
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FIGURE 16 — ATTACK AND DECAY TIMES (COMPRESSOR) FIGURE 17 — ATTACK AND DECAY TIMES (EXPANDER) 
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FIGURE 18 — MAXIMUM INPUT SIGNAL 



FIGURE 19 — CHANNEL SEPARATION 
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FIGURE 20 — COMPRESSOR GAIN TRACKING 
versus TEMPERATURE 
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FIGURE 21 — EXPANDER GAIN TRACKING 
versus TEMPERATURE 
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FIGURE 22 — COMPRESSOR THD versus TEMPERATURE 



FIGURE 23 — EXPANDER THD versus TEMPERATURE 
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FUNCTIONAL DESCRIPTION 



Introduction 

The MC33110 compander (COMpressor and 
exPANDER) is composed of two variable gain circuits 
which provide compression and expansion of the signal 
dynamic range. The compressor will take a signal with 
an 80 dB dynamic range (100 /LtV to 1.0 Vrms), and reduce 
that to a 40 dB dynamic range by attenuating strong sig- 
nals, while amplifying low level signals. The expander 
does the opposite in that the 40 dB signal range is 
increased to a dynamic range of 80 dB by amplifying 



strong signals and attenuating low level signals. The dB 
level is internally set at 100 mVrms — that is the signal 
level which is neither amplified nor attenuated. Both cir- 
cuits contain the necessary precision full wave rectifier, 
variable gain cell, and temperature compensated refer- 
ences required for accurate and stable performance. 

Note: All dB values mentioned in this data sheet, unless 
otherwise noted, are referred to 100 mVrms. 
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Compressor 

The compressor is an operational amplifier with a fixed 
input resistor and a variable gain cell in its feedback path 
as shown in Figure 24. 



FIGURE 24 — COMPRESSOR 
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The amplifier output is sampled by the precision rectifier 
which, in turn, supplies a DC signal (Icontrol)' represen- 
tative of the rectifier's AC signal, to the variable gain cell. 
The reference current (Ipef) is an internally generated pre- 
cision current. The effective impedance of the variable 
gain cell varies with the ratio of the two currents, and 
decreases as Icontrol increases, thereby providing 
compression. The output is related to the input by the 
following equation: 

Vout = 0.3162 X VVjj^ (Equation 1) 

In terms of dB levels, the relationship is: 

Vout(dB) = 0-5 X Vin(dB) (Equation 2) 

where dB = 100 mVrms (see Figure 2 and 4). 

The inputs and output are internally biased at 
Vb (Vcc/2)' 3nd must therefore be capacitor coupled to 
external circuitry. Pin 10 input impedance is nominally 
10 kft (±20%), and the maximum functional input signal 
is shown in Figure 18. Bias currents required by the op 
amp and the variable gain cell are internally supplied. 
Due to clamp diodes at the input (to Vqc and ground), 
the input signal must be maintained between the supply 
rails. If the input signal goes more than 0.5 V above Vqq 
or below ground, excessive currents will flow and dis- 
tortion will show up at the output. 

When no AC signals are present at the input, the var- 
iable gain cell will attempt to set such a high gain that 
the circuit may become unstable. For this reason resistors 
R1 and R2, and capacitor CI are added to provide DC 
stability. The pole formed by R1, R2 and CI should have 



a pole frequency no more than 1/1 0th of the lowest fre- 
quency of interest. The pole frequency is calculated from: 



f 



Rl + R2 
27rx R1R2C1 



(Equation 3) 



for the component values shown, the pole frequency is 
-16 Hz. 

Likewise, the capacitor between Pins 11 and 8 should 
be selected such that, in conjunction with the input 
impedance at Pin 8 (=3200 H, ±20%), the resulting pole 
frequency is no more than 1/10 of the lowest frequency 
of interest. With the components shown, the pole fre- 
quency is <30 Hz. This pole frequency is calculated from: 



f ■■ 



1 



27rx3.2 kxC 



(Equation 4) 



The output of the rectifier is filtered by the capacitor at 
Pin 12, which, in conjunction with an internal 10 k resistor, 
provides the time constant for the attack and decay times. 
Figure 14 and 16 indicate how the times vary with the 
capacitor value. The attack time for the compressor is 
always faster than the decay time due to the fact that the 
rectifier is fed from the output rather than the input. Since 
the output is initially larger than expected (immediately 
after the input has increased), the external capacitor is 
charged more quickly during the initial part of the time 
constant. When the input is decreased, the time constant 
is closer to that calculated by t = RC. If the attack and 
decay times are decreased by using a smaller capacitor, 
performance at low frequencies will degrade. 
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Expander 

The expander is an operational amplifier with a fixed 
feedback resistor and a variable gain cell in its input path 
as shown in Figure 25. 



FIGURE 25 — EXPANDER 




2.2 /xF 



Output 



The input signal is sampled by the precision rectifier 
which, in turn, supplies a DC signal (Icontrol)' represen- 
tative of the AC input signal, to the variable gain cell. The 
reference current (Iref) is an internally generated preci- 
sion current. The effective impedance of the variable gain 
cell varies with the ratio of the two currents, and 
decreases as Icontrol increases, thereby providing 
expansion. The output is related to the input by the fol- 
lowing equation: 

Vout = 10x(Vjn)2 (Equation 5) 

In terms of dB levels, the relationship is: 

Vout(dB) = 2.0 x Vjn(dB) (Equation 6) 

where dB = 100 mVrms (see Figure 3 and 5). 

The inputs and output are internally biased at Vg 
(Vcc/2)' and must therefore be capacitor coupled to 
external circuitry. The input impedance at Pin 5 is nom- 
inally 3.2 kn (±20%), and the maximum functional input 
signal is shown in Figure 18. Bias currents required by 
the op amp and the variable gain cell are internally sup- 
plied. Due to clamp diodes at the input (to Vcc and 
ground), the input signal must be maintained between 
the supply rails. If the input signal goes more than 0.5 V 



above V^c or below ground, excessive currents will flow, 
and distortion will show up at the output. 

The output of the rectifier is filtered by the capacitor at 
Pin 3, which, in conjunction with an internal 10 k resistor, 
provides the time constant for the attack and decay times. 
Figure 15 and 17 indicate how the times vary with the 
capacitor value. If the attack and decay times are 
decreased by using a smaller capacitor, performance at 
low frequencies will degrade. 



Power Supply 

The MC331 10 requires a power supply voltage between 
2.1 V and 7.0 V, and a nominal current of 3.5 mA. The 
supply voltage should be well filtered and free of ripple. 
A minimum of 4.7 /xF in parallel with a 0.01 ^tF capacitor 
is recommended for filtering and RF bypass. 

Vb (Pin 6) is an Internally generated mid supply ref- 
erence, and is used internally as an AC ground. The exter- 
nal capacitor at Pin 6 filters this voltage, and its value 
affects the power supply noise rejection as shown in Fig- 
ures 6 through 9. This reference voltage may be used to 
bias external circuitry as long as the current draw is lim- 
ited to <10 ^uA. 
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APPLICATIONS INFORMATION 



Signal-to-Noise Improvement 

Among the basic reasons for the original development 
of compander type circuits was to improve the signal-to- 
noise ratio of long distance telecom circuits, and of voice 
circuits which are transmitted over RF links (CBs, walkie- 
talkies, cordless phones, etc.). Since much of the noise 
heard at the receiving end of a transmission is due to 
noise picked up, for example, in the airway portion of the 
RF link, the compressor was developed to increase the 
low-level signals at the transmitting end. Then any noise 
picked in the RF link would be a smaller percentage of 
the transmitted signal level. At the receiving end, the 
signal is then expanded back to its original level, retaining 
the same high signal-to-noise ratio. While the above 
explanation indicates it is not necessary to attenuate 
strong signals (at the transmitting end), a benefit of doing 
this is the reduced dynamic range which must be handled 



by the system transmitter and receiver. The MC331 1 was 
designed for a two-to-one compression and expansion, 
i.e. an 80 dB dynamic signal is compressed to a 40 dB 
dynamic range, transmitted to the receiving end and then 
expanded back to an 80 dB dynamic range. 

The MC33110 compander is not limited to RF or long 
distance telephony applications. It can be used in any 
system requiring an improved signal-to-noise ratio such 
as telephones, speakerphones, tape recorders, digital 
recording, and many others. 



Second Expander 

Should the application require it, the MC33110 can be 
configured as two expanders by reconfiguring the com- 
pressor side as shown in Figure 26. 



FIGURE 26 — SECOND EXPANDER 
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This circuit will provide the same performance as the 
expander at Pins 3 through 5. 



Power Supplies, Grounding 

The PC board layout, the quality of the power supplies 
and the ground system at the IC are very important in 
order to obtain proper operation. Noise, from any source, 
coming into the device on Vcc or ground, can cause a 
distorted output, or incorrect gain level. 

Vcc fTTiust be decoupled to the appropriate ground at 
the IC (within 1 " max) with a 4.7 fxP capacitor and a 0.01 /xF 
ceramic. A tantalum capacitor is recommended for the 
larger value if very high frequency noise is present since 
electrolytic capacitors simply have too much inductance 
at those frequencies. The quality of the power supply 
voltage should be checked at the IC with a high frequency 
scope. Noise spikes (always present if digital circuits are 



near this IC) can easily exceed 400 mV, and if they get 
into the IC, the output can have noise or distortion. Noise 
can be reduced by inserting resistors and/or inductors 
between the supply and the IC. 

If switching power supplies are used, there will usually 
be spikes of 0.5 V or greater at frequencies of 50 kHz to 
1.0 MHz. These spikes are generally more difficult to 
reduce because of their greater energy content. In 
extreme cases, a three terminal regulator (MC78L05ACP), 
with appropriate high frequency filtering, should be used 
and dedicated to the analog portion of the circuit. 

The ripple content of the supply should not allow its 
magnitude to exceed the values in the Recommended 
Operating Conditions table. 
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The PC board tracks supplying Vqc and ground to the 
MC33110 should preferably not be at the tail end of the 
bus distribution, after passing through a maze of digital 
circuitry. The analog circuitry containing the MC33110 
should be close to the power supply, or the connector 
where the supply voltages enter the board. If Vcc 's sup- 
plying considerable current to other parts of the board, 
then it is preferable to have dedicated lines from the 
supply or connector directly to the MC33110 and asso- 
ciated circuitry. 

PC Board Layout 

Although this device is intended for use in the audio 
frequency range, the amplifiers have a bandwidth of 



«300 kHz, and can therefore oscillate at frequencies out- 
side the voiceband should there be excessive stray capac- 
itance or other unintended feedback loops. A solid 
ground plane is strongly recommended to minimize cou- 
pling of any digital noise into the analog section. Use of 
wire wrapped boards should definitely be avoided. 

Since many applications of the MC33110 compander 
involve voice transmission over RF links, care must be 
taken in the design of the product to keep RF signals out 
of the MC33110 and associated circuitry. This involves 
proper layout of the PC boards, the physical arrangement 
of the boards, shielding, proper RF ground, etc. 



GLOSSARY 



ATTACK TIME — The settling time for a circuit after its 
input signal has been increased. 

ATTENUATION — A decrease In magnitude of a com- 
munication signal, usually expressed in dB. 

BANDWIDTH — The range of information carrying fre- 
quencies of a communication system. 

CHANNEL SEPARATION — The ability of one circuit to 
reject outputting signals which are being processed by 
another circuit. Also referred to as crosstalk, it is usually 
expressed in dB. 

COMPANDER — A contraction of the words compressor 
and expander. A compander Is composed of two circuits, 
one of each kind. 

COMPRESSOR — A circuit which compresses or reduces 
the dynamic range of a signal by attenuating strong sig- 
nals and amplifying low level signals. 

dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 
10 X log (P1/P2) fo"" power measurements, and 
20 X log (Vi/\/2) for voltage measurements. 

dBm — An indication of signal power. 1.0 mW across 
600 ft or 0.775 V rms, is typically defined as dBm for 
telecom applications. Any voltage level is converted to 
dBm by: 

dBm = 20 X log (Vrms/0.775), or 
dBm = [20 X log (Vrms)] + 2.22. 



dBrn — Indicates a dBm measurement relative to 1 .0 pW 
power level into 600 ft. Generally used for noise mea- 
surements, dBrn = -90 dBm. 

dBrnC — Indicates a dBrn measurement using a C- 
message weighting filter. 

DECAY TIME — The settling time for a circuit after its 
input signal has been decreased. 

EXPANDER — A circuit which expands or increases the 
dynamic range of a signal by amplifying strong signals 
and attenuating low level signals. 

GAIN — The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number and a decrease is a negative number. 

POWER SUPPLY REJECTION RATIO — The ability of a 
circuit to reject outputting noise, or ripple, which is pres- 
ent on the power supply lines. PSRR is usually expressed 
in dB. 

SIGNAL-TO-NOISE RATIO — The ratio of the desired sig- 
nal to unwanted signals (noise) within a defined fre- 
quency range. The larger the number, the better. 

VOICEBAND — That portion of the audio frequency range 
used for transmission across the telephone system. Typ- 
ically, it is 300 to 3400 Hz. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MC33120 



Subscriber Loop Interface Circuit 

The MC33120 is designed to provide the interface between the 4-wire 
side of a central office, or PBX, and the 2-wire subscriber line. Interface 
functions include battery feed, proper loop termination AC impedance, 
hookswitch detection, adjustable transmit, receive, and transhybrid gains, 
and single/double fault indication. Additionally the MC33120 provides a 
minimum of 58 dB of longitudinal balance (4-wire and 2-wire). 

The transmit and receive signals are referenced to analog ground, while 
digital signals are referenced to digitar ground, easing the interface to 
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the 
Power Down Input are TTUCMOS compatible. The Power Down Input 
permits local shutdown of the circuit. 

Internal drivers allow the external loop current pass transistors to be 
standard bipolar transistors (non-Darlington). 

The MG33120 is available in a 20 pin DIP and a 28 pin PLGO surface 
mount package. 

• 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire 

• Transmit, Receive, and Transhybrid Gains Externally Adjustable 

• Return Loss Externally Adjustable 

• Proper Hookswitch Detection With 30 kQ Leakage 

• Single/Double Fault Indication With Shutdown for Thermal Protection 

• Critical Sense Resistors Included Internally 

• Standard Power Supplies: - 42 V to - 58 V, and +5.0 V, ±10% 

• On-Hook Transmission 

• Power Down Input (TTL and CMOS Compatible) 

• Operating Ambient Temperature: -40°C to +85°C 

• Available in a 20 Pin DIP and 28 Pin PLCC Package 



SUBSCRIBER LOOP 

INTERFACE CIRCUIT 

(SLIC) 

THIN FILM 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



FN SUFFIX 

PLCC 
CASE 776 



ORDERING INFORMATION 


Device 


Temperature 
Range 


Package 


IVIC33120P 


- 40° to +85°C 


Plastic DIP 


MC33120FN 


PLCC 



SIMPLIFIED BLOCK DIAGRAM 



Vdd(+5.0V) 

Vdg 

(Dig. Gnd) 



^^ (Ana. Gnd) 




(Battery) 
* Indicates Trimmed Resistor 
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ABSOLUTE MAXIMUM RATINGS 



Characteristic 


Symbol 


Value 


Unit 


Supply Voltage 
with respect to Vqc 
with respect to Vqg 


Vee 
Vdd 


-60, +0.5 
-0.5, +7.0 


VcJc 


Input Voltage 
@ PDI, with respect to Vpo 
@ Pins 1-5, 16-20 


Vin 


-0.5, +7.0 
VEEtoVcc 


Vcjc 


Storage Temperature Range 


"^stg 


-65 to +150 


°C 


Junction Temperature 


Tj 


150 


°c 



Devices should not be operated at these values. The "Recommended Operating Conditions" table provides conditions for 
actual device operation. 



RECOMMENDED OPERATING CONDITIONS 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Supply Voltage 
(with respect to Vcc) 
(with respect to Vpo) 

(with respect to Vcc) 
(with respect to Vcc) 
(with respect to V^q) 

(with respect to V^e) 

(with respect to Vcc and V^q) 


Vee 
Vdd 


-58 

+4.5 


-48 
+5.0 


-42 
+5.5 


Vdc 


Vag 
Vdg 


-3.0 
-3.0 
-3.0 







+10 
+7.0 
+10 


Vdc 


Vdd 


+3.5 


— 


+63.5 


Vdc 


Loop Current 


'loop 


15 


— 


50 


mA 


PDI Input Voltage 


VPDI 





— 


Vdd 


Vdc 


Sink Current 
ST1 
ST2 


'STIL 
'ST2L 






- 


1.0 
1.0 


mA 


Transmit Signal Level at Tip & Ring 
Receive Signal Level at Vrx 


Stx 
Srx 


-48 
-48 


— 


+3.0 
+3.0 


dBm 


Loop Resistance 


Rl 





— 


2.0 


kQ 


External Transistor Beta 


HPE 


40 


— 


500 


A/A 


Operating Ambient Temperature (See text for derating) 


Ta 


-40 


— 


+85 


°C 



All limits are not necessarily functional concurrently. 



ELECTRICAL CHARACTERISTICS (Vee = - 48 V, Vpo = +5.0 V, unless otherwise noted, Vcc = 

see Figure 1 , unless otherwised noted.) 



VaG = Vdg = 0V,Ta = 25°C, 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



POWER SUPPLIES 



Vee Current 










mA 


On Hook (Rl > 10 MQ, Vee = - 58 V) 


'een 


-2.7 


-1.2 


— 




Off Hook (Rl = Q, Vee = - 58 V)* 


'EEF 


-75 


-58 


-45 




Vdd Current 












On Hook (Rl > 10 M^, Vqd = +5.5 V) 


•ddn 


— 


1.4 


2.7 




Off Hook (Rl = Q, Vdd = +5.5 V) 


'ddf 


5.5 


9.0 


15 




Vee Ripple Rejection 


PSRR 








dB 


f = 1 .0 kHz, at Vjx (4-wire) 




40 


62 


— 




f = 1 .0 kHz, at Tip/Ring (2-wire) 




40 


52 


— 




Vdd Ripple Rejection 












f = 1 .0 kHz, at Vjx (4-wire) 




37 


52 


— 




f = 1 .0 kHz, at Tip/Ring (2-wire) 




37 


48 


— 





*lncludes loop current. 
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ELECTRICAL CHARACTERISTICS (Vee = - 48 V, Vpo = +5.0 V, unless otherwise noted, Vqc = Vag = VdG- ^a = 25°C, see Figure 1 ) 



Characteristic 


Symbol 


MIn 


Typ 


Max 


Unit 



LOOP FUNCTIONS 



Loop Current 
Maximum (RRF = 4.7 k, R[_ = 1 fi) 
Nominal (RRF = 4.7 k, Rl = 600 Q) 
Minimum (RRF = 4.7 k, Rl = 1 800 Q) 


'lmax 
'loop 
'lmn 


41 
37 
19 


43 
40 
21 


53 
48 


mA 


Battery Feed Resistance (RRF = 4.7 k, Rl = 1 800 Q)* 


Rbf 


475 


508 


675 


a 


Hookswitch Threshold 
On-to-Off Hook 
Off-to-On Hook 


Rnf 
Rfn 


2.0 


3.1 
7.0 


10 


kQ 


Fault Detection Threshold 
Ring-to-Ground (Rl = 600 Q.) 
Tip-to-Battery (Rl = 600 Q) 


Rrg 
Rtb 


600 
600 


660 
660 


- 


Q 



'Calculated from I(48/Ilmn) - 1800] 
GAIN LEVELS 



Transmit Voltage Gain (OP, ON to TXO) 


Gtxi 


— 


0.328 


— 


v/v 


Transmit Voltage Gain (Vjx/Vl) 
VL = 0dBm,f = 1.0kHz 
Vl = dBm, f = 3.4 kHz, with respect to Gtx2 
Vl = +3.0 dBm, f = 1 .0 kHz, with respect to Gtx2 
Vl = - 48 dBm, f = 1 .0 kHz, with respect to Gtx2 


GtX2 


-0.3 
-0.1 
-0.15 


0.0 
0.0 

0.0 

±0.1 


+0.3 
+0.1 
+0.15 


dB 


Transmit Distortion (at Pin 11) 
(f = 300 Hz to 4.0 kHz, - 40 dBm < Vj.r < +5.0 dBm) 


THDj 





0.05 





% 


Receive Current Gain (Ier/Irxi) 


Grxi 


94 


102 


110 


mA/mA 


Receive Voltage Gain (Vl/Vrxi) (Rl = 600 Q) 
VRxi = 0dBm,f = 1.0kHz 
Vrxi = dBm, f = 3.4 kHz, with respect to Grx2 
Vrxi = +3.0 dBm, f = 1 .0 kHz, with respect to Grx2 
Vrxi =- 48 dBm, f = 1 .0 kHz, with respect to Grx2 


GrX2 


-0.3 
-0.1 
-0.15 


0.0 

0.0 

0.0 

±0.1 


+0.3 
+0.1 
+0.15 


dB 


Receive Distortion 
(f = 300 Hz to 4.0 kHz, - 40 dBm < Vrxi < +5.0 dBm) 


THDr 


— 


0.05 


— 


% 


Return Loss (Reference = 600 Q resistive, f = 1 .0 kHz) 


rl 


30 


>40 


— 


dB 


Transhybrid Rejection (Rl = 600 Q, f = 1 .0 kHz, Figure 4) 


THR 


— 


44 


— 


dB 



LONGITUDINAL SIGNALS (Vqm = 5.12 Vrms, see Figures 1 and 2) 



2-Wire Balance, f = 1 .0 kHz, Zac = 600 Q. {@ Tip/Ring) 
4-Wire Balance, f = 1 .0 kHz, Zgc = 600 Q {@ Vjx) 


LB 


58 
58 


64 
64 


— 


dB 


2-Wire Balance, f = 330 Hz, Zgc = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 330 Hz, Zac = 600 Q (@ Vjx) 


58 
58 


64 
64 


— 


2-Wire Balance, f = 3.3 kHz, Zac = 600 n (@ Tip/Ring) 
4-Wire Balance, f = 3.3 kHz, Zgc = 600 n {@ Vjx) 


53 
53 


60 
60 


— 


2-Wire Balance, f = 1 .0 kHz, Zac = 900 a {@ Tip/Ring) 
4-Wire Balance, f = 1 .0 kHz, Zac = 900 Q (@ Vjx) 


— 


62 
62 


— 


Signal Balance, f = 1 .0 kHz (Figure 3) 


40 


55 


— 


Longitudinal Impedance, RS = 9100 Q 


Zlong 


150 


180 


210 


Q 


Maximum Longitudinal Current per side 
f = 1 .0 kHz, IloOP = 'lmn. Ct = 0.1 fiF 


'lm 


8.5 


16 


— 


mA 
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ELECTRICAL CHARACTERISTICS (Vee =- 48 V, Vqd = +5.0 V, unless otherwise noted, Vqc = Vag = ^DG' """a = 25°C, see Figure 1 ) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



LOGIC INTERFACE 



ST1 Output Voltage 
Low (lsT1 = 1 .0 mA, Vpo = 5.5 V) 
High (lsT1 = - 100 ^lA, Vqd = 4.5 V) 

ST2 Output Voltage 
Low (lsT2 = 1 -0 mA, Vqd = 5.5 V) 
High (lsT2=- 100 ^A,Vdd = 4.5 V) 


Vol 

VOH 


Vdg 

2.4 


0.17 
3.2 


0.4 


Vdc 


Vol 

VOH 


Vdg 

2.4 


0.17 
4.3 


0.4 


Time Delay 
Hookswitch Closure to ST1 Change 
Hookswitch Opening to ST1 Change 

Hookswitch Closure to 90% of Loop Current (Cj = 0.1 |iF) 

PDI Taken High-to-Low to 10% of Loop Current 
PDI Taken Low-to-High to 90% of Loop Current 


tSTII 
tST12 


- 


10 
200 


- 


US 


tHS 


— 


19 


— 


ms 


tST21 
tST22 


— 


18 
10 


— 


ms 
^s 


PDI Input Current 
VpDi = 3.0 V, Rl = 600 Q, Vqd = 5.0 V 
VpDl = V, Rl = 600 Q, Vdd = 5.5 V 


l|H 


-1250 


-800 
-800 


-300 


^lA 


PDI Input Voltage 
Low 
High 


V|L 
V|H 


Vdg 

2.0 


- 


0.8 

Vdd 


V 



MISCELLANEOUS 



Vqb Voltage (Vqb- Vee) 
(S) ||_ = 20 mA 
@ ![_ = 40 mA 


Vqb 


- 


0.82 
0.95 


- 


Vdc 


TXO Offset Voltage (Vjxo - Vag) @ Rl = 600 Q. 


Vtxo 


-400 


+30 


+400 


mVdc 


TXO Output Current 


'txo 


±275 


±800 


— 


^lApk 


RXI Offset Voltage (Vrxi - Vag) @ Rl = 600 Q. 


Vrxos 


— 


0.8 


— 


mVdc 


Vag Input Current @ Rl = 600 Q 


'vag 


— 


0.2 


— 


|iA 


Idle Channel Noise (with C-message filter, Rl = 600 Q.) 
@ TXO (Pin 11) 
@ Tip/Ring 


N|C4 
N|C2 


- 


-10 
-5.0 


- 


dBrnc 


Thermal Resistance — Junction to Ambient 
(Either package, in still air, soldered to a PC board) (@ Ta = +25°C) 

((S> Ta = +85°C) 


OJA 


- 


62 
36 


- 


°C/W 
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FIGURE 1 — TEST CIRCUIT 
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Components shown for a 600 Q. system. 
Three grounds are connected directly together. 
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FIGURE 4 — APPLICATION CIRCUIT 
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PIN DESCRIPTION 



Name 


Pin 


Description 


DIP 


PLCC 


vcc 


20 


28 


Connect to noise-free Battery ground. Carries loop current and some bias currents. 


EP 


19 


27 


Connect to the emitter of tiie PNP pass transistor. 


BP 


18 


26 


Connect to the base of the PNP pass transistor. 


CP 


17 


24 


Connect to TIP through a current limiting protection resistor (Rq). CP is the noninverting input to the 
internal transmit amplifier (Figure 28). Input impedance is 31 kQ. 


TSI 


16 


23 


Sense input. Connect to TIP through a current limiting protection resistor (Rs) which also sets the 
longitudinal impedance. Input impedance is =100 O to Vqq. 


Vdd 


15 


22 


Connect to a +5.0 V, +1 0% supply, referenced to digital ground. Powers logic section and provides some 
bias currents for the loop current drivers. 


Vdg 


14 


20 


Digital Ground. Reference for ST1 , ST2 and Vpo- Connect to system digital ground. 


ST1 


13 


18 


Status Output (TTL/CMOS). Indicates hook switch status — High when on-hook, low when off-hook, 
and pulse dialing information. Used with ST2 to indicate fault conditions. 


ST2/PDI 


12 


17 


Status output and an input (TTL/CMOS). As an output, ST2 can indicate hook status — Low when 
on-hook, high when off-hook. Used with ST1 to indicate fault conditions. As an input, it can be taken 
low (when off-hook) to deny subscriber loop current. 


TXO 


11 


16 


Transmit voltage output. Amplitude is «1 /3 that across CP and CN. Nominally capable of 800 jxA output 
current. DC referenced to V/^q. 


RXI 


10 


14 


Receive current input. Current at this pin is multiplied by 102 at EP and EN to generate loop current. 
RXI is a virtual ground at V^q level. Current flow is out of this pin. 


Vag 


9 


13 


Analog ground, reference for TXO and RXI. Connect to system analog ground. 


RFC 


8 


12 


A resistor between this pin and RXI sets the maximum loop current and DC feed resistance. Minimum 
resistor value is 3.3 k (see Figures 5-7). 


CF 


7 


10 


A low leakage capacitor between this pin and V^g provides DC and AC signal separation. A series 
resistor is required for battery supply turn-on/off transient protection (Figure 4). 


Vqb 


6 


8 


Quiet Battery. A capacitor between Vqb and Vqc ^''ters noise and ripple from V^e. providing a quiet 
battery source for the speech amplifiers. A series resistor is required for battery supply turn-on/off 
transient protection (Figure 4). 


RSI 


5 


7 


Sense input. Connect to RING through a current limiting protection resistor which also sets the 
longitudinal impedance. Input impedance is =100 Q to Vqb. 


CN 


4 


6 


Connect to RING through a current limiting protection resistor. CN Is the inverting input to the internal 
transmit amplifier (Figure 28). Input impedance is 31 ka. 


BN 


3 


4 


Connect to the base of the NPN pass transistor. 


EN 


2 


3 


Connect to the emitter of the NPN pass transistor. 


Vee 


1 


2 


Connect to battery voltage. Nominally - 48 V, it can range from - 42 to - 58 V. 



(Pins 1, 5, 9, 11, 15, 19, 21, and 25 are not internally connected on the PLCC package). 
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FIGURE 5 — LOOP CURRENT versus LOOP 
RESISTANCE AND RRF 



FIGURE 6 — LOOP CURRENT versus LOOP 
RESISTANCE AND RRF 
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FIGURE 7 — LOOP CURRENT versus LOOP 
RESISTANCE AND RRF 
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FIGURE 8 — OFF-HOOK TO ON-HOOK 
THRESHOLD versus RRF 



9.0 k 



7.0 k 



5.0 k 



-58 V 


1 
<Vff^-42V 










5.1k<Rs<in 


... 










4.5 V<Vqq<5o V 
Ta = 25°C 








^^ 












^ 


^ 












y^ 










^ 












^ 


y^ 












^ 












^ 












^ 















3.0 k 4.0 k 5.0 k 



6.0 k 7.0 k 
RRF (Q) 



3.0 k 



9.0 k 10 k 



5.0 k 



3 4.0 k 
o 



3.0 k 



2.0 k 



1.0 k 
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FIGURE 10 — Idd versus LOOP CURRENT 
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FIGURE 11 — FAULT THRESHOLD 
(ON-HOOK) versus Rs 
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FIGURE 12 — FAULT THRESHOLD (OFF-HOOK) 
versus LOOP RESISTANCE 











^^ 


^y^ 








RS = 11k/ 


y^ 












/. 


y 


^y" 


y 










// 


^^ 


^7.5 k 










/ 


/x 


^ 












// 


/ 




^^ 


^ 






y 


// 


r 




'5.1k 






/ 


/'^ 


y 


y 




Vee=-42V 


<\ 


'.^ 




/^ 




Ring-to-Ground 


- 










and/or Tip-to- Vee 



Rs(") 



500 1.0 k 1,5 k 

LOOP RESISTANCE, Rl (O) 



2.0 k 



FIGURE 13 — FAULT THRESHOLD (OFF-HOOK) 
versus LOOP RESISTANCE 
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FIGURE 14 — FAULT THRESHOLD (OFF-HOOK) 
versus LOOP RESISTANCE 
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FIGURE 15 — FAULT THRESHOLD 
(OFF-HOOK) versus Rs 
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FIGURE 16 — Vdd RIPPLE REJECTION 
versus FREQUENCY 
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FIGURE 17 — Vee RIPPLE REJECTION 
versus FREQUENCY 
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FIGURE 18 — Vee ripple rejection versus 
FREQUENCY AND Cqb 
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FIGURE 19 — ST1 , Vql versus Iql 



FIGURE 20 — ST1, Vqh versus Iqh 
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FIGURE 21 — ST2, Vql versus Iql 



FIGURE 22 — ST2, Vqh versus Iqh 
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FIGURE 23 — IC POWER DISSIPATION versus 
LOOP RESISTANCE AND V^e 
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FIGURE 24 — TRANSISTOR POWER DISSIPATION 
versus LOOP RESISTANCE AND RRF 
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FIGURE 25 — MAXIMUM LONGITUDINAL CURRENT 
versus LOOP CURRENT 
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FIGURE 26 — MAXIMUM LONGITUDINAL CURRENT 
versus Cj, Rj AND FREQUENCY 
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FUNCTIONAL DESCRIPTION 



Introduction 

The MC33120 is a solid state SLIC (Subscriber Line 
Interface Circuit) which provides the interface between the 
two wire telephone line and the four wire side of a Central 
Office or PBX. Most of the BORSCHT functions are provided, 
specifically: 

— Battery feed of the loop current to the line, with program- 
mable maximum current for short lines and battery feed re- 
sistance for long lines. 

— Overvoltage protection through internal clamp diodes and 
external resistors and diodes. 

— Supervision, in that hook status is indicated in the presence 
of >30 kQ leakage, and regardless of whether or not the cir- 
cuit is powered down intentionally by the Central Office or 
PBX. Fault conditions are detected and indicated to the 
system. Dialing (pulse and DTMF) information is passed 
through the MC331 20 to the 4-wire side. 

— Hybrid function, in that the MC331 20 is a 2-to-4 wire conver- 
ter. Transmit, receive, return loss, and transhybrid gains 
are independently adjustable. 

The MC33120 does not provide ring insertion, ring trip, 
digital coding/decoding of the speech signals, nor test func- 
tions. These must be provided external to this device. 

The MC33120 controls two external transistors (one NPN 
and one PNP) through which the loop current flows. By 
appropriate circuit design, the power dissipation (which can 
exceed 3.0 watts under certain worst case conditions) is 



approximately equally distributed among the two transistors 
and the IC, thereby lowering junction temperatures and 
increasing long term reliability. In most situations, heatsinks 
will not be required. 

The MC33120 incorporates critical sense resistors inter- 
nally, which are trimmed for optimum performance. With this 
technique, the external resistors on the two wire side, which 
generally must be high wattage for transient protection rea- 
sons, can be non-precision. 

Longitudinal balance is tested to a minimum of 58 dB @ 
1 .0 kHz (refer to Electrical Characteristics and Figure 1 ) for 
both the two wire and four wire side, and typically measures 
in the mid-60s. The longitudinal current capability is tested 
to a minimum of 8.5 mArms per side (refer to Electrical 
Characteristics and Figure 1) at a loop current of 20 mA. 

Following is a description of the individual sections. Figure 
4 is the reference schematic. 



DC Loop Current 

The DC loop current is determined by the battery voltage 
(Vee), the load resistance across Tip and Ring, and the 
resistor at RFO. Varying the 4 resistors Rs and RC will 
influence the loop current a small amount (<5%). The curves 
of Figures 5-7 indicate the loop current versus loop resis- 
tance, different values of RRF, and for various values of V^^. 
The graphs represent performance at T^ = 25°C and after 
the IC had reached a steady state temperature (>5 minutes). 



FIGURE 27 — DC LOOP CURRENT PATH 
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Figure 27 is representative of the DC loop current patii 
(bold lines). On a long line (R|_ > 1.0 kQ), the loop current 
can be determined from the following equation: 



(|Vee|-3.6V)*13 
"LOOP- RRF + {(R|_4-5).13} 



(Equation 1) 



On short lines (R|_ < 1 .0 kQ), the three diodes across the 
12.4 k resistor clamp the voltage at RFO, thereby preventing 
the RXI current from increasing as the load resistance is 
decreased. The maximum loop current is: 

1.85 V -102 /T, oRor\ /r- X- ox 
'LOOP (MAX) = ppp ^ ' A = 25 C) (Equation 2) 

Due to the temperature dependence of a diode's forward 
voltage, the maximum loop current will change with tempera- 
ture by - -0.3%/°C. 



The battery feed resistance (AVjip/AJL) is ==400 Q, but 
depends on the loop current, Vee- RRF, and is a valid 
parameter only on long lines where the current limit is not 
in effect. On short lines, the feed resistance is high since 
the loop current is clamped at a constant level. The AC 
impedance (Return Loss) however, is not determined nor 
affected by the DC parameters. See the Applications Section 
for Return Loss information. 

Transmit Path 

The transmit path, shown in Figure 28, consists of an 
internal amplifier which has inputs at CP and CN, and its 
output at TXO. The gain is internally fixed at 0.328 V/V 
(-9.7 dB). The output is in phase with the signal at CP 
(normally the same as TIP), and is out of phase with the 
signal at CN. The signal at TXO is also out of phase with 
that at Vrx. ^he receive signal input, described in another 
section. 



FIGURE 28 — TRANSMIT PATH 




Note: Op amp may be part 
of a codec/filter. 



The TXO output can swing ==3.0 Vp-p, with a nominal 
current capability of ±800 |iA peak (±275 |j.A minimum). The 
load on TXO is the parallel combination of RTX1 and the 
RRO network (described later). TXO is nominally internally 
biased at the V^g DC level, but has an offset which varies 
with loop current. 

In normal applications, the signal at CP/CN is reduced 
slightly from that at Tip/Ring by the voltage divider composed 
of the external RC resistors, and the internal 31 k resistors. 
The value of the RC resistors depends on the transient 
protection needed, described in another section, with 1 .0 kQ 
resistors being suitable for most applications. The resulting 
signal at TXO needs to be gained up to obtain dB from 
Tip/Ring to Vjx (the 4-wire output). The common method 
involves an external op amp, as shown in Figure 28, with 
a gain of RTX2/RTX1 . The gain from V|_ to Vjx is: 



Vjx 
Vl 



RTX2 * 31 k * 0.328 
RTX1 • (RC + 31 k) 



(Equation 3) 



If a codec/filter is used, many of which include an internal 
op amp, a separate op amp is not needed. CTX is primarily 
for DC blocking (of the TXO offset), and is usually large (1 .0 
P-F) so as to not affect the gain. 



mirrored to the two transistor drivers which provide a gain 
of 102. The two external transistors are then two current 
sources, in series, operating at the same value. An additional 
internal circuit (not shown) balances the two current sources 
to maintain operation in their linear region. 

The load current (through R|_) is slightly different from the 
transistor current due to the sense resistors RC and RS. The 
sense resistors add to the DC loop current, but subtract from 
the AC load current. 

In normal operation, the current at RXI is composed of a 
DC current (from RFO), an AC current (from Vrx) which 
is the receive signal, and an AC current from TXO, which 
is the feedback signal to set the return loss (setting the return 
loss is discussed in the section on AC Terminating Imped- 
ance). The resulting AC signal at Tip is inverted from that 
at Vrx. while the signal at Ring is in phase with Vrx. 

The resistors RP are for transient protection, and their 
value (defined in another section) depends on the amount 
of protection required. A nominal value of 100 Q is suitable 
for most applications. 

The system receive gain, from Vrx to Tip/Ring, is not 
described in this section since in normal applications, it 
involves the feedback which sets the AC terminating imped- 
ance. The Applications Section discusses these in detail. 



Receive Path 

The receive path, shown in Figure 29, consists of the input 
at RXI, the transistor driver amplifiers, the external transis- 
tors, and the load at Tip/Ring. 

RXI is a virtual ground (DC level = V^q) snd is a current 
input. Current flow is out of the pin. The RXI current is 



Logic Interface (Hook status, pulse dialing, faults) 

The logic interface section provides hookswitch status, 
fault information, and pulse dialing information to the 4-wire 
side of the system at the ST1 and ST2 outputs. Figure 30 
is a representative diagram. 
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FIGURE 29 — RECEIVE PATH 
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FIGURE 30 — LOGIC INTERFACE 
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The logic outputs operate according to the truth table in 
Table 1 : 

TABLE 1 — STATUS OUTPUT TRUTH TABLE 



Hook 
Status 


Fault 
Detection 


Outputs 


Circuit Condition 


ST1 


ST2 


On Hook 
Off Hook 
On Hook 
Off Hook 


No Fault 
No Fault 
Fault 
Fault 


Hi 
Lo 
Lo 
Lo 


Lo 
Hi 
Lo 
Lo 


Internally powered down 
Powered up 

Internally powered down 
Internally powered down 



Referring to Figure 30, ST1 is configured as an active NPN 
pulldown with a 15 kQ pullup resistor. ST2 has a 800 jxA 
current source pullup, and a 1.0 mA current source for a 
pulldown. Current limiting this output controls the discharge 
from the external capacitor when ST2 switches low. 

The condition where both ST1 and ST2 are high is not 
valid, but may occur momentarily during an off-hook to 



on-hook transition. The condition where both ST1 and ST2 
are low may occur momentarily during an on-hook to off-hook 
transition — this should not be interpreted as a fault condition. 
ST1 and ST2 are TTL/CMOS compatible and are powered 
by the +5.0 V supply (Vdd)- Refei" to the Applications Section 
for more details. 

Power Supplies, Grounds 

The MC33120 requires 2 power supplies: battery voltage 
between - 42 V and - 58 V (Vee)- and an auxiliary voltage 
between +4.5 V and +5.5 V (V[)d)- 

Vee is nominally - 48 V, with a typical range of - 42 V 
to - 58 V, and must be referenced to Vqc (battery ground). 
A 0.1 |iF bypass capacitor should be provided between Mqq 
and Vee- The Vee current (Iee) 's nominally 1.2 mA when 
on-hook, 10 to 14 mA more than the loop current when 
off-hook, and ==8.0 mA when off-hook but powered down by 
using the PDI pin. Ripple and noise rejection from Vee 's 
a minimum of 40 dB (with a 10 |iF capacitor at Vqb), and 
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is dependent on the size and quality of the Vqb capacitor 
(Cqb) since Vqb is the actual internal supply voltage for 
the speech amplifiers. The absolute maximum for V^e is 
- 60 V, and should not be exceeded by the combination of 
the battery voltage, its tolerance, and its ripple. 

Vdd 's normally supplied from the line card's digital +5.0 
V supply, and is referenced to Vqg (digital ground). A 0.1 
|iF capacitor should be provided between Vdd anci Vdg- 
The Vdd current (Idd) 's nominally 1 .7 mA when on-hook 
and between 6.0 and 11 mA when off-hook (see Figure 10). 
When the MC33120 is intentionally powered down using the 
PDI pin, Idd changes by <1.0 mA from the normal off-hook 
value. 

VaG 's the analog ground for the MC33120, and is the 
reference for the speech signals (RXI and TXO). Current flow 
is into the pin, and is typically <0.5 [lA. 

Normally, Vqq, Vdg ^"^1 V/^g are to be at the same DC 



level. However, if strong transients are expected at Tip and 
Ring, as In a Central Office application, Vqc should not be 
connected directly to Vdg and V/^g '" order to prevent 
possible damage to the +5.0 V system. The MC33120 is 
designed to tolerate as much as ±30 V between Vqq and 
the other two grounds on a transient basis only. This 
feature permits \/qq and the other grounds to be kept 
separate (on an AC basis) on the line card by transient 
suppressors, or to be connected together farther into the 
system (at the power supplies). See the Applications Section 
on ground arrangements and transient protection for further 
information on connecting the MC33120 to the system sup- 
plies. 

For operation of the MC33120 at supply voltages other 
than - 42 to - 58 V (such as - 24 V or - 28 V), contact your 
local Motorola sales office. 
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This section contains information on the following topics: 

Design Procedure pg. 15 

Power Dissipation Calculations 

and Considerations pg. 22 

Selecting the Transistors pg. 23 

Design Procedure 

This section describes the step-by-step sequence for 
designing in the MC33120 SLIC into a typical line card 
application for either a PBX or Central Office. The sequence 
is important so that each new component value which is 
calculated does not affect components previously deter- 
mined. Figure 4 (Typical Application Circuit) is the reference 
circuit for most of this discussion. The recommended se- 
quence (detailed below), consists of establishing the DC 
aspects first, and then the AC aspects: 

1 ) Determine the maximum loop current for the shortest line, 
select RRF. Power dissipation must be considered here. 

2) Select the main protection resistors (RP), and diodes, 
based on the expected transient voltages. Transient protec- 
tion configuration must also be considered here. 

3) Select RC based on the expected transient voltages. 

4) Select RS based on the desired longitudinal impedance at 
Tip and Ring. Transient voltages are also a factor here. 

5) Calculate RRO based on the desired AC terminating imped- 
ance (return loss). 

6) Calculate RRX based on the desired receive gain. 

7) Calculate RTX2 and RTX1 based on the desired transmit 
gain. 

8) Calculate the balance resistor (RB), or network, as appro- 
priate for desired transhybrid rejection. 

9) Logic Interface 

Preliminary 
There is a primary AC feedback loop which has its main 
sense points at CP and CN (see Figure 34). The loop extends 
from there to TXO, through RRO to RXI, through the internal 
amplifiers to the transistor drivers, through RP to Tip and 
Ring, and through the RCs to CP and CN. Components within 
this loop, such as RP, RC, the transistors, and the compensa- 
tion capacitors need not be tightly matched to each other 
in order to maintain good longitudinal balance. The tolerance 



Longitudinal Current Capability pg. 23 

PC Board Layout Considerations pg- 24 

Alternate Circuit Configurations pg. 26 



requirements on these components, and others, are de- 
scribed in subsequent sections. Any components, however, 
which are placed outside the loop for additional line card 
functions, such as test relay contacts, fuses, resistors in 
series with Tip and Ring, etc. will affect longitudinal balance, 
signal balance, and gains if their values and mismatch is not 
carefully considered. The MC33120 cannot compensate for 
mismatch among components outside the loop. 

The compensation capacitors (0.01 ^F) shown at the 
transistor collectors (Figure 4) compensate the transistor 
driver amplifiers, providing the required loop stability. The 
required tolerance on these capacitors can be determined 
from the following guidelines: 
A 1 0% mismatch (±5% tolerance) will degrade the longitudi- 
nal balance by «1 .0 dB on a 60 dB device, and by =3.0 dB 
on a 70 dB device. 

A 20% mismatch (±1 0% tolerance) will degrade the longitu- 
dinal balance by =3.0 dB on a 60 dB device, and by =6.0 dB 
on a 70 dB device. 
High quality ceramic capacitors are recommended since they 
serve the secondary function of providing a bleedoff path for 
RF signals picked up on the phone line. These capacitors 
should be connected to a good quality RF ground. 

The capacitors used at Cqb and Cp must be low leakage 
to obtain proper performance. Leakage at the Cqb capacitor 
will affect the DC loop current characteristics, while leakage 
at the Cp capacitor will affect the AC gain parameters. 

1 ) Maximum Loop Current and Battery Feed Resistance 

The maximum loop current (at R|_ = 0) is determined by 
the RRF resistor between RFO and RXI. The current limit 
is accomplished by three internal series diodes (see Figure 
27) which clamp the voltage across RRF as the loop resis- 
tance decreases, thereby limiting the current at RXI. Since 
the loop current is 102 x Ipxh the loop current is therefore 
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clamped. The graphs of Figures 5-7 indicate the maximum 
loop current at an ambient temperature of +25°C, and after 
the IC has reached thermal equilibrium (approx. 10 minutes). 

Although the maximum loop current is primarily a function 
of the RRF resistor, it is also affected by ambient tempera- 
ture, and slightly by V^e- The ambient temperature effects 
are due to the temperature dependence of the diodes' 
forward voltage drop, causing the maximum loop current to 
change by = - 0.3%/°C. Changing V^e affects the maximum 
current in that the power dissipation is changed, thereby 
changing the die temperature, which affects the diodes' 
voltage. 

The maximum loop current is affected slightly (<5%) by 
the choice of the RS and RC resistors, since the sense 
currents through those resistors add to the current supplied 
by the transistors. 

The battery feed resistance is determined by RRF, and is 
not adjustable independently of the current limit. Defined as 
AVjip/AlL, it is =400 Q, and is a valid parameter only on long 
lines where the current limit is not in effect. On short lines, 
the feed resistance is high since the loop current is clamped 
at a near constant level. The AC impedance (return loss) 
however, is not determined nor affected by these DC parame- 
ters. Return loss is discussed in another section. 

If the application requires that the current limit value have 
a low temperature dependence, refer to the section following 
this design sequence which describes an alternate 
configuration. 

2) Main Protection Resistors (RP) and Transient Currents 

The purpose of the protection resistors (RP), along with 
the 4 clamp diodes shown in Figure 4, is to absorb the bulk 
of the transient energy when transient voltages come in from 
the phone line. The resistor value must be selected to limit 
the transient current to a value which can be tolerated by 
the diodes, while dissipating the energy. The recommended 
value shown (100 Q) will limit the current from a 1500 V 
transient to 1 5 A, which can be carried by 1 N4002 diodes 
under surge conditions. The resistors must be of a type which 
can tolerate the high instantaneous energy associated with 
transients. Resistor manufacturers should be consulted for 
this information. 

Referring to Figure 4, a positive transient on either Tip or 
Ring, or both, will cause the transient current to be delivered 
to Ground. A negative transient will cause the transient 
current to come from the V^^ supply line. Therefore, the PC 
board track supplying \/qq and V^e to the MC33120 must 
be designed to carry the transient currents as well as the 
normal operating currents. Additionally, since a negative 
transient will cause a current flow out of the power supply's 
negative output, which is opposite to the normal flow of 
current, provisions must be made for this reverse current 
flow. One suggested method is to place a zener transient 
suppressor (1N6290A) across the battery supply pins (Vqq 
to Vee) physically adjacent to the MC33120. The induc- 
tance associated with PC board tracks and wiring will result 
in insufficient protection for the MC33120 if the suppressor 
is located at the opposite end of the line card, or at the power 
supplies. 

Transient currents can be reduced by increasing the value 
of RP, with an upper limit determined by the DC conditions 
on the longest line (highest loop resistance) and minimum 
Vee supply voltage. These conditions determine the 



minimum DC voltage across the transistors, which must be 
sufficient to handle the largest AC (transmit and receive) 
signals. If too large a value is selected for RP, the AC signals 
will be clipped. It is recommended that each transistor have 
no less than one volt (DC) across their collector to emitter. 
System AC specifications may require more than this. 

Since the RP resistors are within the loop, their tolerance 
can be ±5% with no substantial degradation of longitudinal 
balance. A ±10% tolerance (20% mismatch) will degrade 
balance by =4.0 dB on a 65 dB device. 



FIGURE 32 — RC PROTECTION RESISTORS 
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3) Selecting the RC Resistors 

The primary purpose of the RC resistors is to protect the 
CP and CN pins from transient voltages and destructive 
currents. Internally, these pins have clamp diodes to \/qq 
and Vee ^^^^^ ^o"" ^ maximum of 1.0 A under surge condi- 
tions only (Figure 32). The 1.0 k^ resistors shown in the 
figures, for example, will provide protection against surges 
up to 1 .0 kV. Resistor manufacturers must be consulted for 
the proper type of resistor for this environment. 

The RC resistors are in series with internal 31 kQ resistors, 
and therefore form a voltage divider to the inputs of the 
transmit amplifier, as shown in Figure 32. This will affect the 
transmit gain, receive gain, return loss, and transhybrid 
rejection (described in subsequent sections). The tolerance 
of the RC resistors depends on the value selected for them, 
since any mismatch between them will create a differential 
voltage at CP and CN when longitudinal voltages are present 
on Tip and Ring. To ensure a minimum of 58 dB of longitudi- 
nal balance, the resistors' absolute value must not differ by 
more than 39 Q. With a nominal value of 1 .0 k^, their 
tolerance must be ±2%, or less. If their nominal value is 390 Q. 
or less, their tolerance can be ±5%. 

4) Longitudinal Impedance (Zlqng) — Selecting the RS 
Resistors 

The longitudinal impedance is determined by the RS 
resistors at the TSI and RSI pins according to the following 
equation: 



Zlong = 



RS + 100 

51 



(Equation 4) 



Z|_oNG 's defined as Vlong^'LONG ^s shown in Fig- 
ure 33; for RS = 9.1 kQ, Zlqng = 180 a. The calculated 
value of ZlonG includes the fact that the RS resistors are 
in parallel with the synthesized impedance. The tolerance 
of the RS resistors therefore depends on how much mis- 
match can be tolerated between the longitudinal impedances 
at Tip and at Ring. Calculations indicate the two RS resistors 
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can have a ±5% tolerance, and still comfortably provide a 
minimum of 58 dB longitudinal balance. 

The resistors must be able to withstand transient voltages 
expected at Tip and Ring. The TSI and RSI pins have internal 



clamp diodes rated for a maximum of 1.0 A under surge 
conditions only (Figure 33). Resistor manufacturers must be 
consulted for the proper type of resistor for this environment. 



FIGURE 33 — LONGITUDINAL IMPEDANCE 




5) AC Terminating Impedance and Source Impedance (Z^c) 

— Return Loss 

The return loss measurement is a measure of how closely 
the AC impedance of the SLIC circuit matches the character- 
istic impedance of the phone line, or a reference impedance. 
The reference impedance can be, in some cases, a pure 
resistance (commonly 600 Q or 900 Q), a series resistor and 
capacitor (900 Q + 2.16 ^iF), or a more complex network. 



To achieve proper return loss with the MC33120, the RRO 
impedance shown in Figure 34 is to have the same configura- 
tion as the reference impedance, but with values scaled 
according to the equations mentioned below. 

CRO, used primarily for DC blocking, is generally a large 
value (1.0 |j.F) so as to not affect the impedance of RRO. 
However, it can be included in the RRO network if a complex 
network is required. 



FIGURE 34 — AC TERMINATING IMPEDANCE 
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Zgc is the impedance looking into the circuit from Tip and 
Ring (set by RRO), and is defined as V|_/Il. Half of Zqq is 
from Tip to Vqq, and the other half is from Ring to Vqb (an 
AC ground). Each half is made up of a synthesized imped- 
ance (Zj/2) in parallel with Rs and (RC + 31 k). 

Therefore Z^q is equal to: 



Zac = [Zt/2 //Rs//(RC + 31 k)] • 2 



and 



Zt _ {Rs//(RC-h31k)}»(Zac/2) 
2 {Rs//(RC4-31k)}-(Zac/2) 



(Equation 5) 



(Equation 6) 



The synthesized impedance Zj is created as follows: 

An incoming signal V|_ produces a differential voltage at 
CP and CN, and therefore at TXO equal to: 



Vtxo 



^ Vl * 31 k > 0.328 
(RC + 31 k) 



(Equation 7) 



The signal at TXO creates an AC current Irxi through 
RRO. RXI is a virtual ground, and CRO is insignificant for 
first order calculations. 

IrXI is gained up by a factor of 102 to produce the current 
Ij through the transistors. 

Zj is therefore Vl/Ij. The relationship between Zj and 
RRO is: 



RRO 



Zt* 1.037 >106 



(Equation 8) 



(31 k + RC) 

While equation 8 gives the exact value for RRO, a first order 
approximation is Z^q • 33.5. 

a) Resistive Loads (with RC = 1.0 k, Rs = 9.1 k): 

For a 600 Q resistive system, Zj calculates to 626 Q, 
and RRO calculates to 20.3 kQ. 

For a 900 Q resistive system, Zj calculates to 961 Q, 
and RRO calculates to 31.14 kQ. 

b) Complex Loads 

For complex (non-resistive) loads, the MC33120 must be 
made to look like a termination impedance equal to that 
complex load. This is accomplished by configuring RRO the 



same as the complex load, but with all impedance values 
increased according to the scaling factor of Equation 9. 

31 k)//RS]. 1.037 -loS 



SF 



[(RC- 

(RC + 31 k) • [(RC + 31 k)//Rs - (Zac/2)] 



(Equation 9) 



Zac '2 computed at a nominal frequency of interest. A first 
order approximation of Equation 9 is: 



SF = 1.037 •106/(RC + 31 k) 
For example: 

If the AC load is: 



To Tip 
and Ring 



(Equation 9a) 



Then RRO should be: 
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CRO must remain in series with the network to provide 
DC blocking. If the load network does not include a series 
capacitor (as in the second example above), CRO should 
be large (1 .0 |iF) so its impedance does not affect the RRO 
network. The above procedure will yield a return loss mea- 
surement which is constant with respect to frequency. The 
RRO resistor, or network, must have a tolerance equal to 
or better than the required system tolerance for return loss 
and receive gain. 

6) Receive Gain (Grx) 

The receive gain involves the same circuit as Figure 34, 
but with the addition of the RRX resistor (or network) which 
sets the receive gain. See Figure 35. 



FIGURE 35 — RECEIVE GAIN 
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The receive gain (Grx). defined as the voltage gain from 
Vrx to V|_, is calculated as follows: 

RXI is a virtual ground, and Rqq is the AC impedance of 

the load (phone line). 

The AC current generated in the transistors is 1 02 • Irx|. 

which is equal to 1 02 • (Ir - I jxo)- 
lR = VRx/RRX,and 

V|_ • 31 k • 0.328 



Itxo = 



Vtxo ^ 

RRO RRO • (31 k + RC) 



(Equation 10) 



Using equations 5 and 8, involving Z^q, RS and RC, and 
the above equations yields: 



Vl ^ 102.(Rac//Zac) 

= Grx = 



Vrx 



Therefore, RRX = 



RRX 



102»(Rac//Zac) 



Grx 



(Equation 11) 



(Equation 12) 



Equation 12 applies only for the case where Rac and Zqq 
have the same configuration. If they also have the same 
magnitude, then set RRX = 51 • Rac to set a receive gain 
of dB. The AC source impedance of the above circuit to 
Tip and Ring is Zqq. For the case where Rac ¥ Zac, use 
the following equation: 
Vl 102 

Vrx ~ „r,w r 1 1.037 .106 



RRX 



Zl (31k+RC)« RRO. 



(Equation 13) 



where Zl = -^ // RS // (RC + 31 k) • 2 (Equation 14) 

a) Resistive Loads 

For a 600 Q. resistive system, set RRX = 30.6 kQ, and for 
a 900 Q. resistive system, set RRX = 45.9 kQ. 

b) Complex Loads 

For complex (non-resistive) loads, the RRX resistor needs 
to be replaced with a network having the same configuration 
as the complex load, but with all impedance values scaled 
up by a factor of 51 (for dB gain). If a gain other than 
dB is desired, the scaling factor is determined from Equation 
12. This methods applies only if the RRO network has been 
made complex comparable to the load according to the 
procedure in the previous section (Equations 5-9a), such that 
Rac = Zac- Using a scaling factor of 51 , and the previous 
examples, yields: 



If the AC load is: Then RRX should be: 

900 f r-^J and Ring " .^i"! J 

If the AC load is: Then RRX should be: 

^ _L I 0.115 |iF ] ,,2.25nF ' 



The preceeding procedure will yield a receive gain which is 
constant with respect to frequency. The RRX resistor, or 
network, must have a tolerance equal to or better than the 
required system tolerance for receive gain. 



7) Transmit Gain (Gjx) 

Setting the transmit gain involves selecting RTX1 and 
RTX2 in Figure 28. The voltage gain from Vl to Vjx is 
calculated from the following: 



Gtx = 



Vtx 
Vl 



RTX2 •31k* 0.32 8 
RTX1 • (RC + 31 k) 



(Equation 15) 



For dB gain, set RTX2 = 3.15 x RTX1 (for RC = 1.0 k). 
The actual values of RTX2 and RTX1 are not critical — only 
their ratio so as to provide the proper gain at the op amp. 
Once the ratio is established, the two resistors can be 
selected from a set of standard resistor values. The minimum 
value for RTX1 is limited by the drive capability of TXO, which 
is a nominal ±800 ^lA peak (±275 ^A minimum). As a general 
rule, RTX1 should be between 6.0 kQ and 20 kQ. The load 
on TXO is the parallel combination of RTX1 and RRO. 

CTX is for DC blocking, and is typically a large value 
(1 .0 )j.F) so as to not be a significant impedance. In general, 
it should not be used for low frequency rolloff as that will 
affect the transhybrid rejection (discussed in the next sec- 
tion). Low frequency rolloff should be done after the op amp. 
High frequency rolloff can be set by placing a capacitor 
across RTX2. 

For complex loads (at Tip and Ring), if RRO and RRX have 
been made complex comparable to the load as described 
in the previous sections, neither RTX1 nor RTX2 needs to 
be complex since both the transmit and receive signals which 
appear at TXO will be flat with respect to frequency. 

RTX1 and RTX2 must have a tolerance equal to or better 
than the required system tolerance for the transmit gain. 



8) Balance Network (RB) — Transhybrid Rejection 

When a receive signal is applied to Vrx to produce a 
signal at Tip and Ring, the two-to-four wire arrangement of 
a hybrid (the MC33120) results in a reflected signal at TXO. 
Transhybrid rejection involves canceling that reflected signal 
before it appears at Vjx- The method used is to insert the 
RB resistor (or network) as shown in Figure 36. The current 
Ib, supplied form Vrx, cancels the current ljxi supplied 
from TXO (Node A is a virtual ground). Good transhybrid 
cancellation requires that the currents be equal in magnitude 
and 1 80° out of phase at node A. 

Using the equations for transmit and receive gains, the 
current Ijxi 's equal to: 

33.5 • Vrx * Zac • Zl > 31 k (Equation 1 6) 
TX1 - RRX • [Zac + ZJ • RTX1 • (RC + 31 k) 



a) For the case where RRO and RRX are comparable in 
configuration to Zl: 
Since \q = Vrx/RB, then RB can be determined from: 



RB = 



RRX • RTX1 • (RC + 31 k ) 
33.5 • [ZacZ/ZJ • 31 k 



(Equation 17) 
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FIGURE 36 — BALANCE RESISTOR 




Equation 17 provides a value for an RB resistor which will 
provide the correct magnitude for Ig. The correct phase 
relationship is provided by the fact that the signal at TXO 
is out of phase with that at Vrx- The phase relationship will 
be 180° only if RRO and RRX are of a configuration identical 
to that of the load. This applies regardless of whether the 
load, Z[_, (and RRO and RRX) are purely resistive or of a 
complex nature. Equation 17 reduces to a non-complex 
resistance if RRX, Z^c, and Z\_ are all comparably complex. 
For the case where Z^q = Z\_, RRX = 51 • Zg^. and 
RC = 1.0 k, Equation 17 reduces to: 



RB = 3.15«RTX1 



(Equation 18) 



b) For the case where Zqq and Z\_ do not have the same 

frequency characteristics: 

For the case where, for reasons of cost and/or simplicity, 
the load (RJ is considered resistive (whereas in reality it 
is not a pure resistance) and therefore resistors, rather than 
networks, were selected for RRO and RRX, using a simple 
resistor for RB may not provide sufficient transhybrid rejec- 
tion due to a phase angle difference between Vrx and TXO. 
The terminating impedance may therefore not necessarily 
be matched exactly to the line impedance, but the resulting 
circuit still provides sufficiently correct performance for re- 
ceive gain, transmit gain, and return loss. The rejection can 
be improved in this case by replacing RB with the configura- 
tion shown in Figure 37. Even on a very short phone line 
there is a reactive component to the load due to the two 
compensation capacitors (Cq, Figure 4) at the transistor 
collectors. The two capacitors can be considered in series 
with each other, and across the load as shown in Figure 37. 
To simplify the explanation, the current source and Z^q of 
Figure 36 are replaced with the Thevenin voltage source and 
series Z^q. Since Z[_ and Zqq are not matched, there will 



be a phase shift from Vrx ^° ^^^ signal across Tip and Ring. 
This phase shift is also present at TXO. The same phase 
shift is generated at node B in the RB network by making 
RB1 equal to Zgc. and Z[_ equal to the load. RB2 is then 
calculated from: 

RRX • RTX1 • (RC + 31 k) 

^^^ = 33.5 >Zac> 31k <^q^^^'°" 19) 

For example, for a system where the load is considered a 
600 a resistor (RRO = 20.3 kQ, RRX = 30.6 kn, RTX1 = 
10 kQ, and RC = 1.0 kQ), RBI would be a 600 Q resistor, 
Z\_ (in the RB network) would be a 600 Q resistor in parallel 
with a 0.005 |liF capacitor, and RB2 calculates to 15.715 kQ. 

The RB resistor, or network, must have a tolerance equal 
to or better than the required system tolerance for transhybrid 
rejection. 

9) Logic Interface 

The logic circuit (output ST1 , and the I/O labeled ST2/PDI) 
is depicted in Figure 30, and functions according to the truth 
table in Table 1 . 

a) Output Characteristics 

ST1 is a traditional NPN pull-down with a 15 kQ pull-up 
resistor. Figures 19 and 20 indicate its output characteristics. 

ST2 is configured with the following items: a) a 1.0 mA 
current source for a pull-down which is active only when ST2 
is internally set low; b) an 800 ^lA current source pull-up 
which is active only when ST2 is internally set high; c) a 
positive feedback aspect within this output circuit which 
provides considerable hysteresis for stability reasons. Its 
output characteristics are shown in Figures 21 and 22. Due 
to this configuration, any external pull-up resistance which 
is applied to this pin must be greater than 1 5 kQ, or the output 
may not reliably switch from high to low. Any external 
pull-down resistance does not affect this output's ability to 



FIGURE 37 — BALANCE NETWORK 
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switch from low-to-high, but does affect the maximum longi- 
tudinal currents which can be accepted by the circuit (see 
the section on Longitudinal Current capability). The capacitor 
(Cj) is required to provide a time delay, for stability reasons, 
during transitions between off-hook and on-ho6k. This capac- 
itor additionally affects maximum longitudinal currents, as 
well as stability during pulse dialing (explained below). 

b) Hook Status 

The MC33120 uses the sense currents at CP and CN to 
activate the hook status circuit. The sensing is configured 
such that the circuit monitors the impedance across Tip/Ring, 
which results in the hookswitch thresholds being virtually 
independent of the battery voltage. The off-hook to on-hook 
threshold is affected by the choice of RRF according to the 
graph of Figure 8, but is not affected by the value of RS. 
The on-hook to off-hook threshold is affected by the value 
of RS according to the graph of Figure 9, but is not affected 
by RRF. Varying the RC resistors does not affect the thresh- 
olds significantly. 

When the telephone is on-hook (ST1 = Hi, ST2 = Low), 
the MC33120 is internally powered down, the external tran- 
sistors are shut off, and power consumption is at a minimum. 
Upon closure of the phone's hookswitch, ST1 will switch low 
within 10 [is. ST2 will then change state slowly due to the 
external capacitor (Cj = 5.0 |xF). There is a =8.0 millisecond 
delay for ST2 to reach the threshold necessary to activate 
the internal bias circuit, which in turn activates the external 
drive transistors to supply loop current. This delay is neces- 
sary to prevent instabilities during the transition to off-hook. 

Upon opening the telephone's hookswitch, ST1 will switch 
high within ==200 |is. ST2 then requires =60 ms to reach the 
threshold to switch off the internal bias circuit, which in turn 
shuts down the external drive transistors. 

c) Pulse Dialing 

During pulse dialing, ST1 will change state concurrent with 
the hookswitch. ST2 is kept from switching during pulse 
dialing by the external capacitor (Cj), which keeps the 
MC33120 in a powered up condition and stable. If the Cj 
capacitor is too small, the voltage at ST2 could droop to the 
PDI threshold (see section e below) during each pulse. This 
could cause the MC33120 to create additional noise on the 



line as it would cycle between a power-up and power-down 
condition with each dialing pulse. 

d) Fault Detection 

Faults are defined as excessive leakage from Tip to V^e 
and/or ground, and from Ring to V^e and/or ground. A single 
fault is any one of the above conditions, while a double fault 
is defined as excessive leakage from Tip to V^e and from 
Ring to Vqq, as depicted in Figure 38. Refer to Figures 11-15 
for the resistance, R|_k, which will cause the MC33120 to 
switch to a power-down condition. If the leakage resistance 
is less than that indicated in the graphs, the MC33120 will 
power-down itself and the two external transistors, thereby 
protecting them from overheating. Both status outputs (ST1 
and ST2) will be at a logic low, indicating a fault condition. 
A fault condition is detected by monitoring an imbalance in 
the magnitudes of the currents at TSI and RSI, and/or a 
polarity reversal at Tip and Ring. 

The MC33120 will detect the following conditions: 

1) When on-hook (see Figure 11): 

a) <2.0 ka between Ring and Vqq, with no hysteresis 
at this threshold, or 

b) <2.5 kQ between Tip and Vee. with no hysteresis at 
this threshold, or 

c) Both a and b simultaneously. 

Leakage from Tip to Vqq and/or Ring to Vee are not 
detected as faults while the MC33120 is on-hook. 

2) When off-hook (600 Q. between Tip and Ring): 

a) <500 Q. between Tip and Vqq, or 

b) <600 Q between Tip and Vee. o"" 

c) <500 Q between Ring and Vee. or 

d) <600 Q. between Ring and \/qq, or 

e) Both b and d simultaneously 

A simultaneous occurrence of conditions a) and c) is not 
detected as a fault. See Figures 12-15 for the threshold 
variation with R|_. Resetting of the fault detection circuit 
requires that the leakage resistance be increased to a value 
between 10 kQ and 20 kQ, depending on Vee. Rl. ^^id Rs- 
Both ST1 and ST2 should be monitored for hookswitch status 
to preclude not detecting a fault condition. 

Figure 15 indicates the variation in fault thresholds for 
Tip-to-VQQ and Ring-to-Battery faults, and is valid only for 
loop resistances of 200 Q to 1 .0 kQ. On loops larger than 



FIGURE 38 — FAULT DETECTION 
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1.0 ka, the MC33120 does not reliably indicate the fault 
condition at ST1 and ST2, but may indicate on-hook status 
instead. This does not apply to Tip-to-Battery and 
Ring-to-VQc faults which are correctly detected for lines 
beyond 1 .0 kQ. 



e) PDI Input 

The ST2 output can also be used as an input (PDI input) 
to power down the circuit, denying loop current to the 
subscriber (by shutting off the external pass transistors), 
regardless of the hookswitch position. Powering down is 
accomplished by pulling PDI to a logic low with an open 
collector output, or an NPN transistor as shown in Figure 
30. The switching threshold is =+1 .5 V. The current out of 
PDI, when pulled low, is =800 |iA. Releasing PDI allows the 
MC33120 to resume normal operation. 

If the external telephone is off-hook while the MC33120 
is powered down, sense currents at CP and TSI will result 
in some loop current flowing through the loop and back into 
CN and RSI. This current is generally on the order of 1.0 
to 3.0 mA, determined primarily by the RS resistors, loop 
resistance, and Vee- STI will continue to indicate the tele- 
phone's actual hook status while PDI is held low. The 
on-to-off hook threshold is the same as that during normal 
operation, but the off-to-on hook threshold is >250 kQ. 

When powered down with the PDI pin, the receive gain 
(Vrxi to Tip/Ring) is muted by >90 dB, and the transmit gain 
(Tip/Ring to TXO) is muted by >30 dB. 



Power Dissipation, Calculation and Considerations 

a) Reliability 

The maximum power dissipated by the MC33120 must be 
considered, and managed, so as to not exceed the junction 
temperature listed in the Absolute Maximum Ratings. Ex- 
ceeding this temperature on a recurring basis will reduce long 
term reliability, and possibly degrade performance. The junc- 
tion temperature also affects the statistical lifetime of the 
device, due to long term thermal effects within the package. 
Today's plastic integrated circuit packages are as reliable as 
ceramic packages under most environmental conditions. 
However, when the ultimate in system reliability is required, 
thermal managements must be considered as a prime sys- 
tem design goal. 

Modern plastic package assembly technology utilizes gold 
wire bonded to aluminum bonding pads throughout the 
electronics industry. When exposed to high temperatures for 
protracted periods of time an intermetallic compound can 
form in the bond area resulting in high impedance contacts 
and degradation of device performance. Since the formation 
of intermetallic compounds is directly related to device junc- 
tion temperature, it is incumbent on the designer to determine 
that the device junction temperature is consistent with system 
reliability goals. 

Based on the results of almost ten years of +125°C 
operating life testing, Table 2 has been derived indicating the 
relationship between junction temperature and time to 0.1% 
wire bond failure. 



TABLE 2 — STATISTICAL LIFETIME 


Junction 


Time 


Time 


Temperature (°C) 


(Hours) 


(Years) 


80 


1,032,200 


117.8 


90 


419,300 


47.9 


100 


178,700 


20.4 


110 


79,600 


9.4 


120 


37,000 


4.2 


130 


17,800 


2.0 


140 


8,900 


1.0 



Motorola MECL Device Data, DL122 

The "time" in Table 2 refers to the time the device is operating 
at that junction temperature. Since the MC33120 is at a low 
power condition (nominally 68 mW) when on-hook, the duty 
cycle must be considered. For example, if a statistical duty 
cycle of 20% off-hook time is used, operation at 130°C 
junction temperature (when off-hook) would result in a statis- 
tical lifetime of =1 years. 

b) Power and Junction Temperature Calculation 

The power within the IC is calculated by subtracting the 
power dissipated in the two wire side (the transistors and 
the load) from the power delivered to the IC by the power 
supplies. Refer to Figure 4 and 27. 

Pd = |Vdd • 'ddI + IVee • IeeI - ("loop • IVep - VenI) 

(Equation 20) 

The terms Vep and Ven are the DC voltages, with respect 
to ground, at the EP and EN pins. These voltages ..can be 
measured, or can be approximated by: 

Vep--(30^.IloOP) 

Ven - Vee + 2.1 v + (Iloop • 35 a) 

Refer to Figure 23. The junction temperature is then calcu- 
lated from: 



Tj=Ta + (Pd*0JA) 



(Equation 21) 



where Ta is the ambient air temperature at the IC package, 
and 0JA is the junction-to-ambient thermal resistance shown 
in Figure 39. The highest junction temperature will occur at 
maximum Vee ^"^1 V^d. maximum loop current, and maxi- 
mum ambient temperature. 

If the above calculations indicate the junction temperature 
will exceed the maximum specified, then it is necessary to 
reduce the maximum loop current, ambient temperature, 
and/or Vee supply voltage. Air flow should not be restricted 
near the IC by tall components or other objects since even 
a small amount of air flow can substantially reduce junction 
temperature. For example, typically an air flow of 300 LFPM 
(3.5 mph) can reduce the effective 0ja by 14 to 20% from 
that which occurs in still air. Additionally, providing as much 
copper area as possible at the IC pins will assist in drawing 
away heat from within the IC package. For additional informa- 
tion on this subject, refer to the "Thermal Considerations" 
section of Motorola MECL System Design Handbook 
(HB205), and the "System Design Considerations" section 
of Motorola MECL Device Data (DL122). 
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FIGURE 39 — THERMAL RESISTANCE 
(JUNCTION TO AMBIENT) 
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Selecting the Transistors 

The specifications for the two loop current pass transistors 
involve their current gain, voltage rating, and power dissipa- 
tion capabilities at the highest ambient temperatures. Power 
dissipation during both normal operation and faults must be 
considered when determining worst case situations. General- 
ly, more power is dissipated during a fault condition than 
during normal operation. 

The transistors' minimum beta is recommended to be 40 
at the loop currents involved in the application. A lower beta 
could degrade gain and balance performance. Maximum 
beta should be less than 500 to prevent possible oscillations. 
Darlington type transistors should not be used. The voltage 
rating should be a minimum of 80 V, although the choice of 
protection scheme may require a higher rating. 

Referring to Figure 27, during normal operation the loop 
current and the voltage across the transistors are both at 
a maximum when the load impedance (R|_) is at a minimum. 
The loop current is determined by RRF and the graphs of 
Figures 5-7. The voltage across each transistor is deter- 
mined from the following: 



Vt = 



|Vee|-2.1-[(65 + 2RP + Rl).Il00P] 



(Equation 22) 



The power in each transistor is then (Vj • IloOP)- "'"h® 
voltage across the two transistors will always be nearly equal 
during normal operation, resulting in equal power dissipation. 
The graph of Figure 24 indicates the power dissipated in each 
transistor where RP = 100 Q. 

During a fault condition, depicted in Figure 38, if the 
leakage resistance from Tip to V^e or from Ring to \/qq 
is less than that shown in Figures 12-14 (when off-hook), 
the MC331 20 will power down the transistors to protect them 
from overheating. Should the leakage resistance be slightly 
higher than that shown in the graphs, however, and the fault 
detection has not been activated, the power in one transistor 
(in a single fault, both transistors in a double fault) will be 
higher than normal. The power will depend on V^^, R|_, RP 
and the leakage resistance. Table 3 is a guide of the power 
in the transistor dissipating the higher power level. 



TABLE 3 — TRANSISTOR POWER DURING A FAULT 


Vee 


Rs 


Rl 




PPNP 


Pnpn 


-58 
-48 
-58 
-48 
-58 
-48 
-58 
-58 


9.1k 
9.1 k 
9.1 k 
9.1 k 
9.1 k 
9.1 k 
5.1 k 
11 k 


200 
200 
600 
600 
1.0 k 
1.0 k 
200 
200 




1.64 
1.05 
1.37 
0.746 
0.897 
0.232 
1.8 
1.53 


1.34 
0.957 
1.11 
0.616 
0.68 
0.194 
1.55 
1.3 



The power (in watts) in the two right columns indicates the 
power dissipated by that transistor if it is carrying the maxi- 
mum fault current. The system designer should attempt to 
predict possible fault conditions for the system, and then 
measure the conditions on the transistors during the worse 
case fault(s). 

For most applications involving a nominal Vee of - 48 V 
(with a maximum of - 58 V), a maximum loop current of 30 
to 40 mA, and a maximum T/^ of +85°C, the MJD243 and 
MJD253 DPAK transistors are recommended. When 
mounted as described in their data sheet, they will handle 
both the normal loop current as well as most fault conditions. 
If faults are not expected to occur in a particular application, 
then smaller package transistors, such as MPS6717 and 
MPS6729, may be used. Each application must be evaluated 
individually when selecting the transistors. 

Other possible transistors which can be considered: 



PNP 


NPN 


MJD253-1 


MJD243-1 


MJE253 


MJE243 


MJD32 


MJD31 


MJD42 


MJD41 


MJD350 


MJD340 


TIP30A,B,C 


TIP29A,B,C 



Longitudinal Current Capability 

The maximum longitudinal current which can be handled 
without distortion is a function of loop current, battery feed 
resistance, the longitudinal impedance, and the components 
on ST2. 

Since the pass transistors cannot pass current in the 
reverse direction, the DC loop current provides one upper 
boundary for the peak longitudinal current plus peak speech 
signal current. The battery feed resistance determines, in 
effect, the DC voltage across the transistors, which is a 
measure of the headroom available for the circuit to handle 
the peak longitudinal voltage plus peak speech signal volt- 
age. The longitudinal impedance, determined by the Rs 
resistors (equation 4), determines the longitudinal current for 
a given longitudinal voltage. 

While analysis of the above items may yield one value of 
maximum longitudinal current, a different limit (which may 
be higher or lower) is imposed by the capacitor Cj, and any 
pulldown resistance Rj, on Pin 12 (ST2). This is due to the 
fact that the sense currents at TSI and RSI will be alternately 
mismatched as Tip and Ring move up and down together 
in the presence of longitudinal signals. When the longitudi- 
nals are strong, the internal fault detect circuit is activated 
with each 1/2 cycle, which attempts to switch ST2 low (see 
the section on Fault Detection). The speed at which ST2 can 
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switch low is a function of both the external capacitor, Cj 
and any pulldown resistance, Rj. 

The graphs of Figures 25 and 26 indicate the maximum 
longitudinal current which can be handled (In Tip and in Ring) 
without distortion or causing ST2 to switch low. 

PC Board Layout Considerations 

PC board considerations include thermal, RFI/EMI, tran- 
sient conditions, interconnection of the four wire side to the 
codec/filter, and others. Wirewrapped boards should be 
avoided — breadboarding should be done on a (at least) 
reasonably neat PC board. 

a) Thermal 

Power dissipated by the MC33120 and the two transistors 
must be removed to prevent excessively high junction tem- 
peratures. The equations for calculating junction tempera- 
tures are mentioned elsewhere in this data sheet. Heat is 
removed by both air flow and copper foil on the PC board. 
Since even a small amount of air flow substantially reduces 
junction temperatures compared to still air, tall components 
or other objects should not be placed such that they block 
air flow across the heat generating devices. Increasing, 
wherever possible, the area of the copper foil at the IC pins 
will provide additional heat removal capability. Aground plane 
can generally help here, while at the same time helping to 
reduces RFI problems. 

b) RFI/EMI 

While the MC33120 is intended for use at audio frequen- 
cies, the internal amplifiers have bandwidths in excess of 



1.0 MHz, and can therefore respond to externally induced 
RFI and EMI. Interference signals can come in on the phone 
line, or be radiated on to the PC board from nearby radio 
stations or from high frequency circuitry (digital & micropro- 
cessor circuitry) in the vicinity of the line card. 

Usually RFI entering from the phone line at Tip and Ring 
can be removed by the compensation capacitors (Cq) pro- 
vided they are connected to a good quality RF ground 
(generally the same ground which connects to Vqc on the 
MC331 20). The ground track should be as wide and as direct 
as possible to minimize lead inductance. Generally better 
results can be obtained if an RF bleedoff to earth (or chassis) 
ground can be provided where the twisted pair phone line 
comes into the system. 

To minimize problems due to noise radiating directly onto 
the PC board from nearby high frequency circuitry, all compo- 
nents associated with the MC33120 should be physically as 
close as possible to the IC. The most sensitive pins in this 
respect are the CP, CN, RSI, TSI, VAG and RXI pins. Keeping 
the tracks short minimizes their "antenna" effect. 

c) Transient Conditions 

When transient voltages come in to Tip and Ring, the 
transient currents, which can be several amperes, must be 
carried by the ground line (Vqq) and/or the Vee "ne. These 
tracks, along with the protection and clamping devices, must 
be designed for these currents at the frequencies involved. 
If the tracks are narrow, not only may they be destroyed by 
the high currents, but their inductance can allow the voltage 
at the IC, and other nearby components, to rise to damaging 
levels. 



FIGURE 40 — PROTECTION DIODES 



vcc 



EP 



BP 



CP 



TSI 



RSI 



CN 



All zener diodes are 7.0 V, except 
where noted. V^e 



MC33120 






•^ 



1-|<^H<H' 




14V 



'H>f-^-^' 



"iit 



.4>|-^. 



^ 



'4>ht-l>H' 



'H>t-^-W-' 



'^>HT-'>H' 



X. 



a 



'4>Ht-t>l-' 



9.0 V 



& 



Vdd 



ST1 



+5.0 V 



ST2 



VDG 



, To Digital 
Ground 



^^^ To Analog 
J_ Ground 

RXI ^ 



TXO^ 



RFC 



CF 



Vqb. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC33120 
2-255 



The protection circuits shown in Figure 4, and in other 
figures in this data sheet, are such that the bulk of the 
transient energy is dissipated by external components (the 
protection resistors and the clamp diodes). The MC33120 
has internal diodes to limit voltage excursions on the pins, 
and to pass a small amount of the transient current — 
typically less than 1 .0 ampere peak. The arrangement of the 
diodes is shown in Figure 40. 

d) Interconnection of the four-wire side 

The connections on the four-wire side to the codec and 
other digital circuitry involves keeping digital noise out of the 
speech paths, and also ensuring that potentially destructive 
transients on Tip and Ring do not get through to the +5.0 V 
system. 

Basically, digital connections to ST1 and ST2 should be 
referenced to the V^d ^nci Vdg P'^s, while the transmit and 
receive analog signals should be referenced to the analog 
ground (Vaq)- ^cc should be connected to a clean battery 
ground, and generally should not be connected directly to 
Vdg and/or V/^q (on the line card) when strong transients 
are anticipated. Even with a good layout, Vqc can move 
several volts when a transient hits, possibly damaging com- 



ponents on the +5.0 V line if their grounds have a direct 
connection at the line card. The MC33120 is designed to 
allow Vqq to move as much as ±30 V with respect to Vdg 
and Vag o" a transient basis only. \Jqq and the other 
grounds should preferably be connected together at the 
power supply rather than at the IC. Internally, the MC33120 
has clamp diodes on the 4-wire side pins as shown in Figure 
40. 

If the codec has a single ground pin, as in Figure 41 , it 
will be the reference for both the digital and analog signals, 
and must be connected to both V^g and Vdg o" the 
MC33120. If the codec has separate digital and analog 
grounds, as in Figure 42 (the MC1 45503 internally generates 
the analog ground), then each ground should be connected 
to the appropriate ground on the MC33120. 

e) Other 

A 0.1 |LiF capacitor should be provided across \/qq to V^e 
on the MC33120 to help keep idle channel noise to a 
minimum. 

The Cqb capacitor (on the Vqb pin) forms a pole with 
an internal 7.5 k^ resistor to filter noise from the V^e pin, 



FIGURE 41 — CONNECTION TO A CODEC WITH A SINGLE GROUND 
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FIGURE 42 — CONNECTION TO A CODEC WITH SEPARATE GROUNDS 
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providing an internal quiet battery supply for the speech 
amplifiers. Power supply rejection will depend on the value 
and quality of this capacitor at the frequencies of concern. 
Tantalum capacitors generally have better high frequency 
characteristics then electrolytics. See Figure 1 7 and 1 8 for 
ripple rejection characteristics (the four-wire data was mea- 
sured at pin 11 (TXO)). Figure 16 indicates ripple rejection 
from the +5.0 V supply (Vdd)- 

In general, PC board tracks carrying analog signals (on 
the four wire side and Tip/Ring) should not be routed through 
the digital section where they could pick up digital noise. Any 
tracks longer than a few inches should be considered an 
antenna and should be checked for potential noise or RFI 
pickup which could affect the circuit operation. 

Alternate Circuit Configurations 

a) Loop Current Limit 

Replacing the RRF resistor with the circuit in Figure 43 
will change the DC loop current characteristics in two ways 
from the graphs of Figures 5-7; a) the maximum loop current 
on a short line can be reduced while increasing the current 
on a long line, and b) the temperature dependence of the 
maximum current is reduced to the TC of the external 
reference diode. 

FIGURE 43 — ALTERNATE CURRENT LIMIT CIRCUIT 




LM385-1.2 



The LM385-1.2 is a precision temperature stable zener 
diode. As the load impedance at Tip and Ring is reduced, 
the voltage at RFO goes increasingly negative. When the 
zener diode is turned on, the current into RXI is then clamped 
at a value determined by RRF1 and the zener diode. To 
calculate the two resistors, use the following procedure: 

RRF1 must be >0.7 • (RRF1 + RRF2); 

Determine RRF1 to set the current limit on a short line by 
using the following equation: 



RRF1 = 



102 •1.23 V 



'loop (MAX) - 3-0 mA 



(Equation 23) 



Then using Equation 1 calculate RRF for the long line 
current. RRF2 is then determined by; 



RRF2 = RRF-RRF1 



(Equation 24) 



Figure 44 illustrates one example using the above circuit. 
Comparing this graph to the 51 00 Q curve of Figure 6 shows 
a substantial decrease in the current limit (at Rl = 0), 
resulting in reduced power consumption and dissipation. Use 



of this circuit does not affect the hookswitch or fault thresh- 
olds. 

FIGURE 44 — LOOP CURRENT versus LOOP RESISTANCE 
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b) Protection Scheme 

The protection circuit shown in Figure 45 has the advan- 
tage of drawing =90% of the transient current from ground 
(Vqc) on a negative transient, rather than from the V^e line 
as the circuit of Figure 4 does. The majority of the transient 
current flows through the RP resistors and the Mosorbs while 
a small amount (=1 0%) flows through the sense resistors and 
the CP, CN, RSI pins. On a positive transient, all the current 
(except at RSI) is directed to ground. The diode in the NPN's 
collector prevents reverse current through the base-collector 
junction of the transistor during a negative transient. 

FIGURE 45 — ALTERNATE PROTECTION SCHEME 
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CIRCUIT PERFORMANCE 



The following three circuits are presented as typical appli- 
cation examples, and the accompanying graphs indicate their 
measured performance. The first circuit (Figure 46) has a 
600 Q pure resistance as the AC load. The second circuit 
(Figures 47) has as an AC load a 900 Q resistor in series 
with a 2.16 p-F capacitor. The third circuit (Figure 48) has 



as an AC load, a complex network composed of an 820 Q 
resistor in parallel with 0.115 |iF, and those in series with a 
220 Q resistor. In the graphs of Figures 49-51 , R|_ = Return 
Loss, THR = Transhybrid Rejection, GTX = Transmit Gain, 
GRX = Receive Gain. 
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FIGURE 47 — 900 Q + 2.16 ^F SYSTEM 
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FIGURE 48 — 220 Q + 820 n//0.115 ^iF SYSTEM 




O 



Vdd 
PDi 

ST1 

Vdg 
Vag 

RXI 
RFO 

TXO 
CF 

Vqb 



=10.1 



14 



-O +5.0 V 



» ^ ST2/PDI 



5.0 nF 



-» — ST1 



2.25 nF 
10 ^ I 4i.bK I 11.2k 



V 41.8k 11.2k 




Transmit 
Out(VTx) 



FIGURE 49 — CIRCUIT PERFORMANCE, 600 Q. SYSTEM 
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FIGURE 50 — CIRCUIT PERFORMANCE 
900 Q + 2.16 |iF SYSTEM 
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FIGURE 51 — CIRCUIT PERFORMANCE 
820 Q//0.115 ^iF + 220 Q SYSTEM 



FIGURE 52 — RETURN LOSS TEST CIRCUIT 
FOR FIGURES 46 TO 51 
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GLOSSARY 



ATTENUATION — A decrease in magnitude of a communica- 
tion signal, usually expressed in dB. 

BALANCE NETWORK — That part of the SLIC circuit which 
provides transhybrid rejection. 

BANDWIDTH — The range of information carrying frequen- 
cies of a communication system. 

BATTERY — The voltage which provides the loop current, and 
in some cases powers the SLIC circuit. The name derives from 
the fact that CDs have always used batteries, in conjunction 
with AC power, to provide this voltage. 

BATTERY FEED RESISTANCE — The equivalent Thevenin 
DC resistance of the SLIC circuit for supplying loop current. 
Traditionally it is 400 Q. 

C-MESSAGE FILTER — A frequency weighting which 
evaluates the effects of noise on a typical subscriber's system. 

CENTRAL OFFICE— Abbreviated CO, it Is a main telephone 
office, usually within a few miles of its subscribers, that houses 
switching gear for interconnection within its exchange area, 
and to the rest of the telephone system. A typical CO can 
handle up to 10,000 subscriber numbers. 

CODEC — Coder/Decoder — Interfacing between the SLIC 
and the digital switch, it converts the SLIC's transmit signal to 
digital, and converts the digital receive signal to analog. 

dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10.log(Pi/P2) 
for power measurements, and 

20 • log (Vi / V2) 
for voltage measurements. 



dBm — An indication of signal power. 1 .0 mW across 600 Q, 
or 0.775 V rms, is defined as dBm. Any other voltage level 
is converted to dBm by: 

dBm = 20 • log (Vrms/0.775), or 
dBm = [20 • log (Vrms)] + 2.22. 

dBmp — Indicates dBm measurement using a psophometric 
weighting filter. 

dBrn — Indicates a dBm measurement relative to 1 .0 pW 
power level into 600 Q. Generally used for noise measure- 
ments, dBrn = -90 dBm. 

dBrnC — Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF — Dual Tone Multifrequency. It is the "tone dialing" 
system based on outputting two non-harmonic related fre- 
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four 
columns of a keypad. 

FAULT — An incorrect condition where Tip is accidentally 
connected to the battery voltage, or Ring is connected to 
ground, or both. The most common fault is Ring to ground. 

FOUR WIRE CIRCUIT — The portion of a telephone, or 
central office, which operates on two pairs of wires. One pair 
is for the transmit path, and one pair is for the receive path. 

FULL DUPLEX — A transmission system which permits 
communication in both directions simultaneously. The stan- 
dard handset telephone system is full duplex. 

GAIN — The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 



MC33120 
2-260 



MOTOROLA COMMUNICATIONS DEVICE DATA 



HALF DUPLEX — A transmission systenn which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speal<erphones, 
are half duplex. 

HOOKSWITCH — A switch, within the telephone, which 
connects the telephone circuit to the subscriber loop. The 
name derives from old telephones where the switch was 
activated by lifting the receiver off and onto a hook on the side 
of the phone. 

HYBRID — Another name for a two-to-four wire converter. 

IDLE CHANNEL NOISE-— Residual background noise when 
transmit and receive signals are absent. 

LINE CARD — The PC board and circuitry in the CO or PBX 
which connects to the subscriber's phone line. A line card may 
hold circuitry for one subscriber, or a number of subscribers. 

LONGITUDINAL BALANCE — The ability of the SLIC to 
reject longitudinal signals on Tip and Ring. 

LONGITUDINAL SIGNALS — Common mode signals. 

LOOP — The loop formed by the two subscriber wires (Tip and 
Ring) connected to the telephone at one end, and the central 
office (or PBX) at the other end. Generally, it is a floating 
system not referred to ground, or AC power. 

LOOP CURRENT — The DC current which flows through the 
subscriber loop. It is typically provided by the central office or 
PBX, and ranges from 20 to 120 mA. 

OFF HOOK — The condition when the telephone is connected 
to the phone system, permitting the loop current to flow. The 
central office detects the DC current as an indication that the 
phone is busy. 

ON HOOK — The condition when the telephone is discon- 
nected from the phone system, and no DC loop current flows. 
The central office regards an on-hook phone as available for 
ringing. 

PABX — Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an office 
building. A portion of the PABX connects to the Bell (or other 
local) telephone system. 

PROTECTION, PRIMARY — Usually consisting of carbon 
blocks or gas discharge tubes, it absorbs the bulk of a lightning 
induced transient by clamping the voltages to less than 
±1500V. 

PROTECTION, SECONDARY — Usually located on the line 
card, it protects the SLIC and associated circuits from 
transient surges. Typically, it must be capable of clamping a 
±1 .5 kV surge of 1 .0 ms duration. 

PULSE DIALING — A dialing system whereby the loop 
current is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed, and the interruption rate is typically 1 per second. The 
old rotary phones, and many new pushbutton phones, use 
pulse dialing. 



RECEIVE PATH — Within the CO or PBX it is the speech path 
from the internal switching system towards the phone line (Tip 
& Ring). 

REN — Ringer Equivalence Number. An indication of the 
impedance or loading factor of a telephone bell or ringer 
circuit. An REN of 1.0 equals =8.0 k^. The Bell system 
typically permits a maximum of 5.0 REN (1.6 kQ.) on an 
individual subscriber line. A minimum REN of 0.2 (40 kQ) is 
required by the Bell system. 

RETURN LOSS — Expressed in dB, it is a measure of how 
well the SLIC's AC impedance matches the line's AC 
characteristic impedance. With a perfect match, there is no 
reflected signal, and therefore infinite return loss. It is 
calculated from: 

RL = 20.log (^LINE + Zqkt) 

(Zline-Zckt) 

RING — One of the two wires connecting the central office to 
a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the 
connection. Ring is traditionally negative with respect to Tip. 

SLIC — Subscriber Line Interface Circuit. It is the circuitry 
within the CO or PBX which connects to the user's phone line. 

SUBSCRIBER — The customer at the telephone end of the 
line. 

SUBSCRIBER LINE — The system consisting of the user's 
telephone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as a 
loop). 

TIP — One of the two wires connecitng the central office to a 
telephone. The name derives from the tip of the plugs used by 
operators (in older equipment) to make the connection. Tip is 
traditionally positive with respect to Ring. 

TRANSHYBRID REJECTION — The rejection (in dB) of the 

reflected signal in the transmit path resulting from a receive 
signal applied to the SLIC. 

TRANSMIT PATH — Within the CO or PBX it is the speech 
path from the phone line (Tip & Ring) towards the internal 
switching system. 

TWO WIRE CIRCUIT — Refers to the two wires connecting 
the central office to the subscriber's telephone. Commonly 
referred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

TWO-TO-FOUR WIRE CONVERTER — A circuit which has 
four wires (on one side) — two (signal & ground) for the 
outgoing signal, and two for the incoming signal. The outgoing 
signal is sent out differentially on the two wire side (the other 
side), and incoming differential signals received on the two 
wire side are directed to the four wire side. Additional circuit 
within cancels the reflected outgoing signal to keep it separate 
from the incoming signal. 

VOICEBAND — That portion of the audio frequency range 
used for transmission across the telephone system. Typically 
it is 300 to 3400 Hz. 
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Low Voltage Subscriber 
Loop Interface Circuit 

The MC33121 is designed to provide the interface between the 4-wire 
side of a central office, or PBX, and the 2-wire subscriber line. Interface 
functions include battery feed, proper loop termination AC impedance, 
hookswitch detection, adjustable transmit, receive, and transhybrid gains, 
and single/double fault indication. Additionally, the MC33121 provides a 
minimum of 58 dB of longitudinal balance (4-wire and 2-wire). 

The transmit and receive signals are referenced to analog ground, while 
digital signals are referenced to digital ground, easing the interface to 
codecs, filters, etc. The 2 status outputs (hookswitch and faults) and the 
Power Down Input are TTUCMOS compatible. The Power Down Input 
permits local shutdown of the circuit. 

Internal drivers allow the external loop current pass transistors to be 
standard bipolar transistors (non-Darlington). 

The MC33121 is available in a 20 pin DIP and a 28 pin PLOC surface 
mount package. 

• 58 dB Longitudinal Balance Guaranteed; 4-wire and 2-wire 

• Transmit, Receive, and Transhybrid Gains Externally Adjustable 

• Return Loss Externally Adjustable 

• Proper Hookswitch Detection With 30 kQ Leakage 

• Single/Double Fault Indication With Shutdown for Thermal Protection 

• Critical Sense Resistors Included Internally 

• Standard Power Supplies: - 21 .6 V to - 42 V, and + 5.0 V, ± 1 0% 

• On-Hook Transmission 

• Power Down Input (TTL and CMOS Compatible) 

• Operating Ambient Temperature: - 40°C to + 85°C 

• Available in a 20 Pin DIP and 28 Pin PLCC Package 
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LOW VOLTAGE SUBSCRIBER 

LOOP INTERFACE CIRCUIT 

(SLIC) 

THIN FILM 
SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



FN SUFFIX 

PLCC 
CASE 776 



ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC33121P 


- 40° to + 85°C 


Plastic DIP 


MC33121FN 


PLCC 



(Battery) 



SIMPLIFIED BLOCK DIAGRAM 




Current 
Mirror 



e 



Current 
Mirror 



Hook Status and 
Fault Detection 
and Bias Control 



Current 
Mirror 



Current 
Mirror 



g 
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* Indicates Trimmed Resistor 



Vdd (+5.0V) 

vdg 
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MAXIMUM RATINGS 



Characteristic 


Symbol 


Value 


Unit 


Supply Voltage 






Vdc 


(with respect to Vqc) 


Vee 


-60, +0.5 




(with respect to Vqg) 


vdd 


-0.5, +7.0 




Voltage 


Vin 




Vdc 


@ PDI, (with respect to Vdg) 




-0.5, +7.0 




@ CP, CN 




Vee -0.5, Vcc +0.5 




EP, TSI 




Vcc -7.0, Vcc +0.5 




BP 




Vcc -14, Vcc +0.5 




RSI, EN 




Vee -0.5, Vee +14 




BN 




Vee- 1.0, Vee +21 




Junction Temperature 


Tj 


150 


°C 


Storage Temperature 


Tstg 


-65 to +150 


°C 



Devices should not be operated at these limits. The "Recommended Operating Conditions" table provides for actual device operation. 



RECOMMENDED OPERATING CONDITIONS 



Characteristic 


Symbol 


IVIin 


Typ 


IVIax 


Unit 


Supply Voltage 
(with respect to Vcc) 
(with respect to Vqg) 

(with respect to Vcc) 
(with respect to Vcc) 
(with respect to Vag) 

(with respect to Vee) 

(with respect to Vcc and Vag) 


Vee 
Vdd 


-42 
+4.5 


-24 
+5.0 


-21.6 
+5.5 


Vdc 


Vag 
Vdg 


-3.0 
-3.0 
-3.0 







+10 
+7.0 
+10 


Vdd 


3.5 


— 


47.5 


Loop Current 


iL 


15 


— 


50 


mA 


PDI Input Voltage 


VpDI 





— 


Vdd 


Vdc 


Sink Current 
ST1 
ST2 


ISTIL 
IST2L 






- 


1.0 
1.0 


mA 


Transmit Signal Level at Tip & Ring 
Receive Signal Level at Vrx 


Stx 
Srx 


-48 
-48 


— 


+3.0 
+3.0 


dBm 


Loop Resistance Vee = - 42 V 
Vee = - 24 V 


Rl 









2.0 k 
800 


Q 


External Transistor Beta 


Hfe 


40 


— 


500 


A/A 


Operating Ambient Temperature (See text for derating) 


Ta 


-40 


- 


+85 


°C 



All limits are not necessarily functional concurrently. 



ELECTRICAL CHARACTERISTICS (Vee= - 24 V, Vdd= +5.0 V, unless otherwise noted. Vcc=VaG=VdG= V, Ta= 25°C, see Figure 1 .) 



Characteristic 


Symbol 


IVIin 


Typ 


Max 


Unit 



POWER SUPPLIES 



Vee Current 










mA 


On Hook (Rl > 1 MQ, Vee = - 42 V) 


'EEN 


-2.7 


-1.0 


— 




Off Hook (Rl = a, Vee = - 42 v)* 


Ieef 


-72 


-55 


-41 




Vdd Current 












On Hook (Rl > 10 Ma Vdd = +5.5 V) 


'ddn 


— 


1.4 


2.7 




Off Hook (Rl = Q, Vdd = +5.5 V) 


Iddf 


4.0 


7.0 


14 




Vee Ripple Rejection 


PSRR 








dB 


f = 1 .0 kHz, @ Vjx (4-wire) 




40 


62 


— 




f = 1 .0 kHz, @ Tip/Ring (2-wire) 




40 


52 


— 




Vdd Ripple Rejection 












f = 1 .0 kHz, @ Vtx (4-wire) 




37 


52 


— 




f = 1 .0 kHz, @ Tip/Ring (2-wire) 




37 


48 


— 





•Includes loop current. 
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ELECTRICAL CHARACTERISTICS (Vee= - 24 V, Vdd= +5-0 V, unless otherwise noted. Vcc=VaG=Vdg= V, Ta= 25°C, see Figure 1 .) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



LOOP FUNCTIONS 



Loop Current 
Maximum (RRF = 4.7 k, Rl = 10 Q) 
Nominal (RRF = 4.7 k, Rl = 367 Q) 
Minimum (RRF = 4.7 k, Rl = 796 Q) 


'L(max) 

"L 
iL(min) 


37 
21 
16 


41 
27 
17.5 


51 
34 


mA 


Battery Feed Resistance (RRF = 4.7 k, Rl = 796 Q)* 


Rbf 


475 


575 


675 


Q 


Hookswitch Threshold 
On-to-Off Hook 
Off-to-On Hook 


Rnf 
Rfn 


2.0 


4.1 
7.7 


10 


kQ 


Fault Detection Threshold 
Ring-to-Ground (Rl = 367 Q) 
Tip-to-Battery (Rl = 367 Q) 


Rrg 
Rtb 


600 
600 


1100 
1100 


- 


Q 



•Calculated from [(24/l|_(^jn)) - 796] 
GAIN LEVELS 



Transmit Voltage Gain (OP, ON to TXO) 


Gtxi 


— 


0.328 


— 


v/v 


Transmit Voltage Gain (Vjx/Vl) 
VL = 0dBm,f = 1.0kHz 
Vl = dBm, f = 3.4 kHz, with respect to GjX2 
Vl = +3.0 dBm, f = 1 .0 kHz, with respect to Gtx2 
V| = - 48 dBm, f = 1 .0 kHz, with respect to Gtx2 


GtX2 


-0.3 
-0.1 
-0.15 








±0.1 


0.3 
0.1 
0.15 


dB 


Transmit Distortion (at Pin 11) 
(f = 300 Hz to 4.0 kHz, - 40 dBm < Vj-R < +5.0 dBm) 


THDt 





0.05 





% 


Receive Current Gain (Iep/'rxI) 


Grxi 


94 


102 


110 


mA/mA 


Receive Voltage Gain (Vl/Vrxi) (Rl = 600 Q) 
VRxi = 0dBm,f = 1.0kHz 
Vrxi = dBm, f = 3.4 kHz, with respect to Grx2 
Vrxi = +3.0 dBm, f = 1 .0 kHz, with respect to Grx2 
Vrxi = - 48 dBm, f = 1 .0 kHz, with respect to Grx2 


GrX2 


-0.3 
-0.1 
-0.15 








±0.1 


0.3 
0.1 
0.15 


dB 


Receive Distortion 
(f = 300 Hz to 4.0 kHz, - 40 dBm < Vrxi < +5.0 dBm) 


THDr 


— 


0.05 




% 


Return Loss (Reference = 600 Q resistive, f = 1 .0 kHz) 


RL 


30 


>40 


— 


dB 


Transhybrid Rejection (Rl = 600 Q resistive, f = 1 .0 kHz, Figure 4) 


THR 


— 


44 


— 


dB 



LONGITUDINAL SIGNALS (Vqm = 1 -0 Vrms, see Figures 1 and 2) 



2-Wire Balance, f = 1 .0 kHz, Zgc = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 1 .0 kHz, Zgc = 600 n (@ Vjx) 


LB 


58 
58 


64 
64 


— 


dB 


2-Wire Balance, f = 330 Hz, Zgc = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 330 Hz, Zgc = 600 Q {@ Vjx) 


58 
58 


64 
64 





2-Wire Balance, f = 3.3 kHz, Zac = 600 Q (@ Tip/Ring) 
4-Wire Balance, f = 3.3 kHz, Zac = 600 Q ((5) Vjx) 


53 
53 


60 
60 


— 


2-Wire Balance, f = 1 .0 kHz, Zac = 900 Q (@ Tip/Ring) 
4-Wire Balance, f = 1 .0 kHz, Zgc = 900 Q (@ Vjx) 


— 


62 
62 


— 


Signal Balance, f = 1 .0 kHz (Figure 3) 


40 


55 


— 


Longitudinal Impedance, RS = 9100 n 


ZLong 


150 


180 


210 


Q 


Maximum Longitudinal Current, per side 
f = 1 .0 kHz, iLoop = iL(min). Cj = 0.1 ^iF 
Vee =-42, VCM = 5.12 Vrms 


iLong(max) 


8.5 


16 


- 


mA 
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ELECTRICAL CHARACTERISTICS (Vee= - 24 V, Vdd= +5.0 V, unless otherwise noted. Vcc=Vag=VdG= V, Ta= 25°C, see Figure 1 .) 



Characteristic 


Symbol 


Min 


Typ 


IVIax 


Unit 



LOGIC INTERFACE 



ST1 Output Voltage 
Low (lsT1= 1.0 mA,VDD = 5.5 V) 
High (lsT1 = - 100 ^lA, Vpo = 4.5 V) 

ST2 Output Voltage 
Low (lsT2 = 1-0mA,VDD = 5.5 V) 
High (lsT2 = - 100 ^lA, Vdd = 4.5 V) 


Vol 

VOH 


Vdg 

2.4 


0.17 
3.2 


0.4 


Vdc 


Vol 

VoH 


Vdg 

2.4 


0.17 
4.3 


0.4 


Time Delay 
Hookswitch Closure to ST1 Change 
Hookswitch Opening to ST1 Change 

Hookswitch Closure to 90% of Loop Current (Cj = 0.1 ^iF) 

PDI Taken High-to-Low to 10% of Loop Current 
PDI Taken Low-to-High to 90% of Loop Current 


tSTII 
tST12 


- 


10 
200 


- 


us 


tHS 


— 


19 


— 


ms 


tST21 
tST22 


_ 


18 
10 


— 


ms 
^s 


PDI Input Current 
VpDI = 3.0 V, Rl = 367 Q, Vqd = 5.0 V 
VpDJ = V, Rl = 367 n, Vdd = 5.5 V 


l|H 


-1250 


-800 
-800 


-300 


^A 


PDI Input Voltage 
Low 
High 


V|L 
V|H 


Vdg 

2.0 


- 


0.8 

Vdd 


Vdc 



MISCELLANEOUS 



Vqb Voltage (Vqb-Vee) 
@ l|_ = 20 mA 
@ ![_ = 40 mA 


Vqb 


- 


0.82 
0.95 


- 


Vdc 


TXO Offset Voltage (Vjxo - Vag) @ Rl = 600 a 


Vtxo 


-400 


+30 


+400 


mVdc 


TXO Output Current 


Itxo 


±275 


±800 


— 


liApk 


RXI Offset Voltage (Vrxj - Vag) @ Rl = 600 Q 


Vrxos 


— 


0.8 


— 


mVdc 


Vag Input Current @ Rl = 600 Q 


IVAG 


— 


0.2 


— 


^A 


Idle Channel Noise (with C-message filter, Rl = 600 H) 
(S) TXO (Pin 11) 
@ Tip/Ring 


N|C4 
N|C2 


- 


-10 
-5.0 


- 


dBrnc 


Thermal Resistance — Junction to Ambient 
(Either package, in still air, soldered to a PC board) (@ Ta = +25°C) 

((5)Ta = +85°C) 


ejA 


~ 


62 
36 


- 


°C/W 
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Figure 1. Test Circuit 




Components shown for a 600 Q. system. 
Three grounds are connected directly together. 
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Figure 2. Longitudinal Balance Test 

(Per IEEE-455) 
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Figure 4. Application Circuit 
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PIN FUNCTION DESCRIPTION 



Symbol 


Pin 


Description 


DIP 


PLCC 


vcc 


20 


28 


Connect to noise-free battery ground. Carries loop current and some bias currents. 


EP 


19 


27 


Connect to the emitter of the PNP pass transistor. 


BP 


18 


26 


Connect to the base of the PNP pass transistor. 


CP 


17 


24 


Connect to TIP through a current limiting protection resistor (Rq). CP is the noninverting input to the 
internal transmit amplifier (Figure 28). Input impedance is 31 kQ. 


TSI 


16 


23 


Sense input. Connect to TIP through a current limiting protection resistor (Rs) which also sets the 
longitudinal impedance. Input impedance is =100 Q to Vcc- 


Vdd 


15 


22 


Connect to a +5.0 V, ±10% supply, referenced to digital ground. Powers logic section and provides 
some bias currents for the loop current drivers. 


vdg 


14 


20 


Digital Ground. Reference for ST1 , ST2 and Vdd- Connect to system digital ground. 


ST1 


13 


18 


Status Output (TTL/CMOS). Indicates hook switch status — high when on-hook, low when off-hook, 
and pulse dialing information. Used with ST2 to indicate fault conditions. 


ST2/PDI 


12 


17 


Status output and an input (TTL/CMOS). As an output, ST2 can indicate hook status — Low when 
on-hook, high when off-hook. Used with ST1 to indicate fault conditions. As an input, it can be taken 
low (when off-hook) to deny subscriber loop current. 


TXO 


11 


16 


Transmit voltage output. Amplitude is =1/3 that across CP and CN. Nominally capable of 800 fxA output 
current. DC referenced to Vag- 


RXI 


10 


14 


Receive current input. Current at this pin is multiplied by 102 at EP and EN to generate loop current. 
RXI is a virtual ground at V^q level. Current flow is out of this pin. 


vag 


9 


13 


Analog ground, reference for TXO and RXI. Connect to system analog ground. Current flow is into 
this pin. 


RFO 


8 


12 


A resistor from this pin and RXI sets the maximum loop current and DC feed resistance. Minimum 
resistor value is 3.3 k (see Figures 5 to 7). 


CF 


7 


10 


A low leakage capacitor between this pin and V^q provides DC and AC signal separation. A series 
resistor is required for battery supply turn'-on/off transient protection (Figure 4). 


Vqb 


6 


8 


Quiet Battery. A capacitor between Vqb and Vcc fi'^ei'S noise and ripple from Vee- providing a quiet 
battery source for the speech amplifiers. A series resistor is required for battery supply turn-on/off 
transient protection (Figure 4). 


RSI 


5 


7 


Sense input. Connect to RING through a current limiting protection resistor which also sets the 
longitudinal impedance. Input impedance is =1 00 Q to Vqb. 


CN 


4 


6 


Connect to RING through a current limiting protection resistor. CN is the inverting input to the internal 
transmit amplifier (Figure 28). Input impedance is 31 ka 


BN 


3 


4 


Connect to the base of the NPN pass transistor. 


EN 


2 


3 


Connect to the emitter of the NPN pass transistor. 


Vee 


1 


2 


Connect to battery voltage (- 21 .6 V to - 42 V). 



(Pins 1, 5, 9, 11, 15, 19, 21, and 25 are not internally connected on the PLCC package.) 
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Figure 5. Loop Current versus Loop 
Resistance and RRF 
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Figure 6. Loop Current versus Loop 
Resistance and RRF 
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Figure 7. Loop Current versus Loop 
Resistance and RRF 
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Figure 8. Off-Hook to On-Hook 
Tlireshold versus RRF 
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Figure 9. On-Hook to Off-Hook Threshold versus Rs 



Figure 10. IpD versus Loop Current 
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Figure 11. Fault Threshold (On-Hook) versus Rs 
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Figure 12. Fault Threshold (Off-Hook) 
versus Loop Resistance 
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Figure 13. Fault Threshold (Off-Hook) 
versus Loop Resistance 
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Figure 14. Fault Threshold (Off-Hook) 
versus Loop Resistance 
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Figure 15. Fault Threshold (Off-Hook) versus Rs 



Figure 16. Vdd Ripple Rejection versus Frequency 
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Figure 17. Vee Ripple Rejection versus Frequency 
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Figure 18. Vee Ripp'e Rejection 
versus Frequency and Cqb 
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Figure 19. ST1, Vql versus Iql 
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Figure 21. ST2, Vql versus Iql 
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Figure 22. ST2, Vqh versus Iqh 
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Figure 23. IC Power Dissipation versus 
Loop Resistance and RRF 
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Figure 24. Transistor Power Dissipation 
versus Loop Resistance and RRF 
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Figure 25. [\/laximum Longitudinal Current 
versus Loop Current 
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Figure 26. IVIaximum Longitudinal Current 
versus Cj, Rj and Frequency 
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FUNCTIONAL DESCRIPTION 



Introduction 

The MC33121 is a solid state SLIC (Subscriber Line 
Interface Circuit) which provides the interface between the 
two wire telephone line and the four wire side of a Central 
Office or PBX. Most of the BORSCHT functions are 
provided, specifically: 

— Battery feed of the loop current to the line, with program- 
mable maximum current for short lines and battery feed re- 
sistance for long lines. 

— Overvoltage protection through internal clamp diodes and 
external resistors and diodes. 

— Supervision, in that hook status is indicated in the presence 

of >30 kQ leakage, and regardless of whether or not the cir- 
cuit is powered down intentionally by the Central Office or 
PBX. Fault conditions are detected and indicated to the 
system. Dialing (pulse and DTMF) information is passed 
through the MC33121 to the 4-wire side. 

— Hybrid function, in that the MC331 21 is a 2-to-4 wire conver- 
ter. Transmit, receive, return loss, and transhybrid gains 
are independently adjustable. 

The MC33121 does not provide ring insertion, ring trip, 
digital coding/decoding of the speech signals, nor test func- 
tions. These must be provided external to this device. 

The MC33121 controls two external transistors (one NPN 
and one PNP) through which the loop current flows. By 
appropriate circuit design, the power dissipation (which can 
exceed 3.0 W under certain worst case conditions) is 



approximately equally distributed among the two transistors 
and the IC, thereby lowering junction temperatures and 
increasing long term reliability. In most situations, heatsinks 
will not be required. 

The MC33121 incorporates critical sense resistors inter- 
nally, which are trimmed for optimum performance. With this 
technique, the external resistors on the two wire side, which 
generally must be high wattage for transient protection 
reasons, can be non-precision. 

Longitudinal balance is tested to a minimum of 58 dB @ 
1 .0 kHz (refer to Electrical Characteristics and Figure 2) for 
both the two-wire and four-wire side, and typically measures 
in the mid-60s. The longitudinal current capability is tested 
to a minimum of 8.5 mArms per side (refer to Electrical 
Characteristics and Figure 2) at a loop current of 20 mA. 

Following is a description of the individual sections. 
Figure 4 is the reference schematic. 

DC Loop Current 

The DC loop current is determined by the battery 
voltage (Vee). the load resistance across Tip and Ring, 
and the resistor at RFO. Varying the 4 resistors Rs and 
RC will influence the loop current a small amount (<5%). 
The curves of Figures 5 to 7 indicate the loop current 
versus loop resistance, different values of RRF, and for 
various values of Vee- The graphs represent performance 
at Ta = 25°C and after the IC had reached a steady state 
temperature (>5 minutes). 



Figure 27. DC Loop Current Path 
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Figure 27 is representative of the DC loop current path 
(bold lines). On a long line (Rl > 400 Q), the loop current 
can be determined from the following equation: 



lL = 



(|Vee|-3.6V)>13 
RRF + {(Rl + 5)»13} 



(1) 



On short lines (Rl < 400 Q), the three diodes across the 
12.4 k resistor clamp the voltage at RFO, thereby preventing 
the RXI current from increasing as the load resistance is 
decreased. The maximum loop current is: 



1.85 V .102 fj. 



25°C) 



(2) 



Due to the temperature dependence of a diode's forward 
voltage, the maximum loop current will change with tempera- 
ture by =-0.3%/°C. 

The battery feed resistance (AVjip/AlL) is =400 Q, but 
depends on the loop current, Vee. RRF. ^nd is a valid 
parameter only on long lines where the current limit is not 
in effect. On short lines, the feed resistance is high since 
the loop current is clamped at a near constant level. The 
AC impedance (Return Loss) however, is not determined nor 
affected by the DC parameters. See the Applications Section 
for Return Loss information. 



Transmit Path 

The transmit path, shown in Figure 28, consists of an 
internal amplifier which has inputs at CP and CN, and its 
output at TXO. The gain is internally fixed at 0.328 V/V 
(-9.7 dB). The output is in phase with the signal at CP 
(normally the same as TIP), and is out of phase with the 
signal at CN. The signal at TXO is also out of phase 
with that at Vrx, the receive signal input, descritied in 
another section. 

The TXO output can swing =3.0 Vp-p, with a nominal 
current capability of ±800 |iA peak (±275 |j.A minimum). The 
load on TXO is the parallel combination of RTX1 and the 
RRO network (described later). TXO is nominally internally 
biased at the Vag DC level, but has an offset which varies 
with loop current. 

In normal applications, the signal at CP/CN is reduced 
slightly from that at Tip/Ring by the voltage divider composed 
of the external RC resistors, and the internal 31 k resistors. 



The value of the RC resistors depends on the transient 
protection needed, described in another section, with 1 .0 kQ 
resistors being suitable for most applications. The resulting 
signal at TXO needs to be gained up to obtain dB from 
Tip/Ring to Vjx (the 4-wire output). The common method 
involves an external op amp, as shown in Figure 28, with 
a gain of RTX2/RTX1. The gain from Vl to Vjx is: 



Vtx 
Vl 



RTX2 > 31 k • 0.328 
RTX1 • (RC + 31 k) 



(3) 



If a codec/filter is used, many of which include an 
internal op amp, a separate op amp is not needed. CTX is 
primarily for DC blocking (of the TXO offset), and is 
usually large (1 .0 [if) so as to not affect the gain. 

Receive Path 

The receive path, shown in Figure 29, consists of the input 
at RXI, the transistor driver amplifiers, the external transis- 
tors, and the load at Tip/Ring. 

RXI is a virtual ground (DC level = Vag) anci is a current 
input. Current flow is out of the pin. The RXI current is 
mirrored to the two transistor drivers which provide a gain 
of 102. The two external transistors are then two current 
sources, in series, operating at the same value. An additional 
internal circuit (not shown) balances the two current sources 
to maintain operation in their linear region. 

The load current (through RJ is slightly different from the 
transistor current due to the sense resistors RC and RS. The 
sense resistors add to the DC loop current, but subtract from 
the AC load current. 

In normal operation, the current at RXI is composed of 
a DC current (from RFO), an AC current (from Vrx) which 
is the receive signal, and an AC current from TXO, which 
is the feedback signal to set the return loss (setting the return 
loss is discussed in the section on AC Terminating Imped- 
ance). The resulting AC signal at Tip is inverted from that 
at Vrx, while the signal at Ring is in phase with Vrx- 

The resistors RP are for transient protection, and their 
value (defined in another section) depends on the amount 
of protection required. A nominal value of 100 Q is suitable 
for most applications. 

The system receive gain, from Vrx to Tip/Ring, is not 
described in this section since in normal applications, it 
involves the feedback which sets the AC terminating imped- 
ance. The Applications Section discusses these in detail. 
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Figure 28. Transmit Path 
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Logic Interface (Hook status, pulse dialing, faults) 

The logic interface section provides hookswitch status, 
fault information, and pulse dialing information to the 4-wire 
side of the system at the ST1 and ST2 outputs. Figure 30 
is a representative diagram. 

The logic outputs operate according to the truth table in 
Table 1: 

Table 1. Status Output Truth Table 



Hook 
Status 


Fault 
Detection 


Outputs 


Circuit Condition 


ST 

1 


ST2 


On-Hook 
Off-Hook 
On-Hook 
Off-Hook 


No Fault 
No Fault 
Fault 
Fault 


Hi 
Lo 
Lo 
Lo 


Lo 
Hi 
Lo 
Lo 


Internally powered down 
Powered up 

Internally powered down 
Internally powered down 



Referring to Figure 30, ST1 is configured as an active NPN 
pulldown with a 15 ka pullup resistor. ST2 has a 800 |xA 



current source pullup, and a 1.0 mA current source for a 
pulldown. Current limiting this output controls the discharge 
from the external capacitor when ST2 switches low. 

The condition where both ST1 and ST2 are high is not 
valid, but may occur momentarily during an off-hook to 
on-hook transition. The condition where both ST1 and ST2 
are low may occur momentarily during an on-hook to off-hook 
transition — this should not be interpreted as a fault condi- 
tion. ST1 and ST2 are TTL/CMOS compatible and are 
powered by the +5.0 V supply (Vdd)- Refer to the Applica- 
tions Section for more details. 

Power Supplies, Grounds 

The MC33121 requires 2 power supplies: battery voltage 
between - 21 .6 V and - 42 V (Vee). and an auxiliary voltage 
between +4.5 V and +5.5 V (Vdd)- 

Vee is nominally - 24 V, with a typical range of - 21 .6 V 
to -42 V, and must be referenced to Vqc (battery ground). 
A 0.1 |iF bypass capacitor should be provided between Vqg 



Figure 29. Receive Path 
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Figure 30. Logic Interface 
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and Vee- The Vee current (Iee) 'S nominally 1.0 mA when 
on-hook, 8.0 to 12 mA more than the loop current when 
off-hook, and ==5.0 mA when off-hook but powered down by 
using the PDI pin. Ripple and noise rejection from Vee 'S 
a minimum of 40 dB (with a 10 |iF capacitor at Vqb), and 
is dependent on the size and quality of the Vqb capacitor 
(Cqb) since Vqb is the actual internal supply voltage for the 
speech amplifiers. The absolute maximum for Vee 'S - 60 V, 
and should not be exceeded by the combination of the 
battery voltage, its tolerance, and its ripple. 

Vdd is normally supplied from the line card's digital 
+5.0 V supply, and is referenced to Vqg (digital ground). 
A 0.1 )j.F capacitor should be provided between Vqd and 
VdG- The Vdd current (Idd) 'S nominally 1.7 mA when 
on-hook and between 6.0 and 8.0 mA when off-hook (see 
Figure 10). When the MC33121 is intentionally powered 
down using the PDI pin, Idd changes by <1.0 mA from 
the normal off-hook value. 



Vag is the analog ground for the MC33121, and is the 
reference for the speech signals (RXI and TXO). Current flow 
is into the pin, and is typically <0.5 |iA. 

Normally, Vqc- Vdg ^^d Vag ^f^ to be at the same DC 
level. However, if strong transients are expected at Tip and 
Ring, as in a Central Office application, or any application 
where the phone line is outdoors, Vqc should not be con- 
nected directly to Vdg ^^d Vag i" order to prevent possible 
damage to the +5.0 V system. The MC33121 is designed 
to tolerate as much as ±30 V between Vqq and the other 
two grounds on a transient basis only. This feature permits 
Vcc and the other grounds to be kept separate (on an AC 
basis) on the line card by transient suppressors, or to be 
connected together farther into the system (at the power 
supplies). See the Applications Section on ground arrange- 
ments and transient protection for further information on 
connecting the MC33121 to the system supplies. 



APPLICATIONS INFORMATION 



This section contains information on the following topics: 

Design Procedure pg. 1 5 

Power Dissipation Calculations 

and Considerations pg- 22 

Selecting the Transistors pg. 23 

Longitudinal Current Capability pg. 23 

PC Board Layout Considerations pg. 23 

Alternate Circuit Configurations pg. 26 

Design Procedure 

This section describes the step-by-step sequence for 
designing in the MC33121 SLIC into a typical line card 
application for either a PBX or Central Office. The sequence 
is important so that each new component value which is 
calculated does not affect components previously deter- 
mined. Figure 4 (Typical Application Circuit) is the reference 
circuit for most of this discussion. The recommended se- 
quence (detailed below), consists of establishing the DC 
aspects first, and then the AC aspects: 

1 ) Determine the maximum loop current for the shortest line, 
select RRF. Power dissipation must be considered here. 

2) Select the main protection resistors (RP), and diodes, 
based on the expected transient voltages. Transient protec- 
tion configuration must also be considered here. 

3) Select RC based on the expected transient voltages. 

4) Select RS based on the desired longitudinal impedance at 
Tip and Ring. Transient voltages are also a factor here. 

5) Calculate RRO based on the desired AC terminating im- 
pedance (return loss). 

6) Calculate RRX based on the desired receive gain. 

7) Calculate RTX2 and RTX1 based on the desired transmit 
gain. 

8) Calculate the balance resistor (RB), or network, as appro- 
priate for desired transhybrid rejection. 

9) Logic Interface 

Preliminary 

There is a primary AC feedback loop which has its main 
sense points at CP and CN (see Figure 34). The loop extends 
from there to TXO, through RRO to RXI, through the internal 
amplifiers to the transistor drivers, through RP to Tip and 



Ring, and through the RCs to CP and CN. Components 
within this loop, such as RP, RC, the transistors, and the 
compensation capacitors need not be tightly matched to 
each other in order to maintain good longitudinal balance. 
The tolerance requirements on these components, and 
others, are described in subsequent sections. Any compo- 
nents, however, which are placed outside the loop for 
additional line card functions, such as test relay contacts, 
fuses, resistors in series with Tip and Ring, etc. will affect 
longitudinal balance, signal balance, and gains if their 
values and mismatch is not carefully considered. The 
MC33121 cannot compensate for mismatch among compo- 
nents outside the loop. 

The compensation capacitors (0.01 jiF) shown at the 
transistor collectors (Figure 4) compensate the transistor 
driver amplifiers, providing the required loop stability. The 
required tolerance on these capacitors can be determined 
from the following guidelines: 

• A 1 0% mismatch (±5% tolerance) will degrade the longitudi- 
nal balance by =1 .0 dB on a 60 dB device, and by =3.0 dB 
on a 70 dB device. 

• A 20% mismatch (±1 0% tolerance) will degrade the longitu- 
dinal balance by =3.0 dB on a 60 dB device, and by =6.0 dB 
on a 70 dB device. 

High quality ceramic capacitors are recommended since they 
serve the secondary function of providing a bleedoff path 
for RF signals picked up on the phone line. These capacitors 
should be connected to a good quality RF ground. 

The capacitors used at Cqb and Cp must be low leakage 
to obtain proper performance. Leakage at the Cqb capacitor 
will affect the DC loop current characteristics, while leakage 
at the Cp capacitor will affect the AC gain parameters, and 
possibly render the IC inoperative. 

1) Maximum Loop Current and Battery Feed Resistance 

The maximum loop current (at Rl = 0) is determined by 
the RRF resistor between RFO and RXI. The current limit 
is accomplished by three internal series diodes (see Figure 
27) which clamp the voltage across RRF as the loop resis- 
tance decreases, thereby limiting the current at RXI. Since 
the loop current is 102 x Irxi, the loop current is therefore 
clamped. The graphs of Figures 5 to 7 indicate the maximum 
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loop current at an ambient temperature of +25°C, and after 
the IC has reached thermal equilibrium (approx. 10 minutes). 

Although the maximum loop current is primarily a func- 
tion of the RRF resistor, it is also affected by ambient 
temperature, and slightly by Vee- The ambient temperature 
effects are due to the temperature dependence of the 
diodes' forward voltage drop, causing the maximum loop 
current to change by =-0.3%/°C. Changing Vee affects 
the maximum current in that the power dissipation is 
changed, thereby changing the die temperature, which 
affects the diodes' voltage. 

The maximum loop current is affected slightly (<5%) by 
the choice of the RS and RC resistors, since the sense 
currents through those resistors add to the current supplied 
by the transistors. 

The battery feed resistance is determined by RRF, and 
is not adjustable independently of the current limit. Defined 
as AVtir/AIl, it is =400 Q, and is a valid parameter only on 
long lines where the current limit is not in effect. On short 
lines, the feed resistance is high since the loop current is 
clamped at a near constant level. The AC impedance (Return 
Loss) however, is not determined nor affected by these DC 
parameters. Return loss is discussed in another section. 

If the application requires that the current limit value 
have a low temperature dependence, refer to the section 
following this design sequence which describes an 
alternate configuration. 

2) Main Protection Resistors (RP) and 
Transient Currents 

The purpose of the protection resistors (RP), along with 
the 4 clamp diodes shown in Figure 4, is to absorb the bulk 
of the transient energy when transient voltages come in from 
the phone line. The resistor value must be selected to limit 
the transient current to a value which can be tolerated by 
the diodes, while dissipating the energy. The recommended 
value shown (100 Q.) will limit the current from a 1500 V 
transient to 15 A, which can be carried by 1N4002 diodes 
under surge conditions. The resistors must be of a type which 
can tolerate the high instantaneous energy associated with 
transients. Resistor manufacturers should be consulted for 
this information. 

Referring to Figure 4, a positive transient on either Tip or 
Ring, or both, will cause the transient current to be delivered 
to Ground. A negative transient will cause the transient 
current to come from the Vee supply line. Therefore, the PC 
board track supplying Vqc and Vee to the MC33121 must 
be designed to carry the transient currents as well as the 
normal operating currents. Additionally, since a negative 
transient will cause a current flow out of the power supply's 
negative output, which is opposite to the normal flow of 
current, provisions must be made for this reverse current 
flow. One suggested method is to place a zener transient 
suppressor (1 N6287 for -42 V, 1 N6282 for -28 V and -24 V) 
across the battery supply pins (Vqc to Vee) physically 
adjacent to the MC33121. The inductance associated with 
PC board tracks and wiring will result in insufficient protection 
for the MC33121 if the suppressor is located at the opposite 
end of the line card, or at the power supplies. 

Transient currents can be reduced by increasing the value 
of RP, with an upper limit determined by the DC conditions 
on the longest line (highest loop resistance) and minimum 
Vee supply voltage. These conditions determine the 
minimum DC voltage across the transistors, which must be 



sufficient to handle the largest AC (transmit and receive) 
signals. If too large a value is selected for RP, the AC signals 
will be clipped. It is recommended that each transistor have 
no less than one volt (DC) acrbss their collector to emitter. 
System AC specifications may require more than this. 

Since the RP resistors are within the loop, their tolerance 
can be ±5% with no substantial degradation of longitudinal 
balance. A ±10% tolerance (20% mismatch) will degrade 
balance by =4.0 dB on a 65 dB device. 

Figure 32. RC Protection Resistors 
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3) Selecting the RC Resistors 

The primary purpose of the RC resistors is to protect the 
CP and CN pins from transient voltages and destructive 
currents. Internally, these pins have clamp diodes to Vqc 
and Vee ""sted for a maximum of 1 .0 A under surge conditions 
only (Figure 32). The 1 .0 kQ resistors shown in the figures, 
for example, will provide protection against surges up to 
1 .0 kV. Resistor manufacturers must be consulted for the 
proper type of resistor for this environment. 

The RC resistors are in series with internal 31 kQ resistors, 
and therefore form a voltage divider to the inputs of the 
transmit amplifier, as shown in Figure 32. This will affect the 
transmit gain, receive gain, return loss, and transhybrid 
rejection (described in subsequent sections). The tolerance 
of the RC resistors depends on the value selected for them, 
since any mismatch between them will create a differential 
voltage at CP and CN when longitudinal voltages are present 
on Tip and Ring. To ensure a minimum of 58 dB of longitudi- 
nal balance, the resistors' absolute value must not differ by 
more than 39 Q. With a nominal value of 1 .0 kQ, their 
tolerance must be ±2%, or less. If their nominal value is 
390 Q. or less, their tolerance can be ±5%. 

4) Longitudinal Impedance (ZLong) — 
Selecting the Rs Resistors 

The longitudinal impedance is determined by the Rs 
resistors at the TSI and RSI pins according to the 
following equation: 



^Long = 



RS+100 
51 



(4) 



Z|_ong is defined as VLong/'Long as shown in Figure 33; for 
Rs = 9.1 kQ, ZLong = 180 Q. The calculated value of ZLong 
includes the fact that the Rs resistors are in parallel with the 
synthesized impedance. The tolerance of the Rs resistors 
therefore depends on how much mismatch can be tolerated 
between the longitudinal impedances at Tip and at Ring. 
Calculations indicate the two Rs resistors can have a ±5% 
tolerance, and still comfortably provide a minimum of 58 dB 
longitudinal balance. 
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The resistors must be able to withstand transient voltages 
expected at Tip and Ring. The TSI and RSI pins have internal 
clamp diodes rated for a maximum of 1.0 A under surge 
conditions only (Figure 33). Resistor manufacturers must be 
consulted for the proper type of resistor for this environment. 

5) AC Terminating Impedance and Source Impedance 
(Zac) — Return Loss 

The return loss measurement is a measure of how closely 
the AC impedance of the SLIC circuit matches the character- 
istic impedance of the phone line, or a reference impedance. 



The reference impedance can be, in some cases, a pure 
resistance (commonly 600 Q or 900 Q), a series resistor and 
capacitor (900 Q + 2.16 |iF), or a more complex network. 
To achieve proper return loss with the MC33121, the RRO 
impedance shown in Figure 34 is to have the same configura- 
tion as the reference impedance, but with values scaled 
according to the equations mentioned below. 

CRO, used primarily for DC blocking, is generally a large 
value (1 .0 )xF) so as to not affect the impedance of RRO. 
However, it can be included in the RRO network if a complex 
network is required. 



Figure 33. Longitudinal Impedance 

Vcc. 




Figure 34. AC Terminating Impedance 
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Zac is the impedance looking into the circuit from Tip and 
Ring (set by RRO), and is defined as Vl/Il- Half of Zac 's 
from Tip to Vcc. and the other half is from Ring to Vqb (an 
AC ground). Each half is made up of a synthesized imped- 
ance (Zt/2) in parallel with Rs and (RC + 31 k). Therefore, 
Zac is equal to: 



and 



Zac = [Zt/2 //Rs//(RC + 31 k)] • 2 



Zt _ {Rs//(RC + 31 k)) • (Zac/2) 
2 {Rs//(RC + 31 k)} - (Zac/2) 



(5) 



(6) 



The synthesized impedance Zj is created as follows: 

An incoming signal Vl produces a differential voltage at 
CP and CN, and therefore at TXO equal to: 



vtxo = 



Vl » 31 k • 0.328 
(RC + 31 k) 



(7) 



RRO = 



(8) 



The signal at TXO creates an AC current Irxi through 
RRO. RXI is a virtual ground, and CRO is insignificant for 
first order calculations. 

Irxi is gained up by a factor of 102 to produce the current 
\j through the transistors. 

Zj is therefore Vl/It The relationship between Zj and 
RRO is: 

Zt* 1.037*106 
(31 k + RC) 

While equation 8 gives the exact value for RRO, a first order 
approximation is Zac • 33-5- 

a) Resistive Loads (with RC = 1.0 k, Rs = 9.1 k): 

For a 600 Q. resistive system, Zj calculates to 626 Q, and 
RRO calculates to 20.3 kQ. 

For a 900 Q resistive system, Zj calculates to 961 Q, and 
RRO calculates to 31.14 kn. 

b) Complex Loads 

For complex (nonresistive) loads, the MC33121 must be 
made to look like a termination impedance equal to that 
complex load. This is accomplished by configuring RRO the 



same as the complex load, but with all impedance values 
increased according to the scaling factor of Equation 9. 



SF = 



[(RC + 31 k)//RS]* 1.037 >106 
(RC + 31 k) • [(RC + 31 k)//Rs - (Zac/2)] 



(9) 



Zac is computed at a nominal frequency of interest. A first 
order approximation of Equation 9 is: 

SF = 1.037 •106/(RC + 31 k) 



(9a) 
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CRO must remain in series with the network to provide 
DC blocking. If the load network does not include a series 
capacitor (as In the second example above), CRO should 
be large (1 .0 \iF) so its impedance does not affect the RRO 
network. The above procedure will yield a return loss mea- 
surement which is constant with respect to frequency. The 
RRO resistor, or network, must have a tolerance equal to 
or better than the required system tolerance for return loss 
and receive gain. 

6) Receive Gain (Grx) 

The receive gain involves the same circuit as Figure 34, 
but with the addition of the RRX resistor (or network) which 
sets the receive gain. See Figure 35. 



Figure 35. Receive Gain 
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The receive gain (Grx), defined as the voltage gain from 
Vrx to Vl, is calculated as follows: 

RXI is a virtual ground, and Rac is the AC impedance of the 

load (phone line). 

The AC current generated in the transistors is 102 • IrxI- 

which is equal to 1 02 • (Ir - IjXO)- 

IR = Vrx/RRX, and 



lTXO = 



VtXO Vl • 31 k • 0.328 



RRO RRO • (31 k + RC) 



(10) 



Using equations 5 and 8, involving Zac, RS and RC, and the 
above equations yields: 



Vl ^ 102.(Rac//Zac) 

= Grx = 



Vrx 



RRX 



Therefore, RRX = 



102>(Rac//Zac) 
Grx 



(11) 



(12) 



Equation 12 applies only for the case where Rac and Zac 
have the same configuration. If they also have the same 
magnitude, then set RRX = 51 • Rac to set a receive gain 
of dB. The AC source impedance of the above circuit to 
Tip and Ring is Zac- For the case where Rac ¥ Zac, use the 
following equation: 

Vl 102 

Vrx " 



RRX< 



1_ 

Lzl 



1.037 •lOG 



(31k + RC). RRO_ 



(13) 



where Zl = 



-^ // Rs // (RC + 31 k) 



.2 (14) 



a) Resistive Loads 

For a 600 Q. resistive system, set RRX = 30.6 kQ, and 
for a 900 Q resistive system, set RRX = 45.9 kQ. 

b) Complex Loads 

For complex (nonresistive) loads, the RRX resistor needs 
to be replaced with a network having the same configuration 
as the complex load, but with all impedance values scaled 
up by a factor of 51 (for dB gain). If a gain other than 
dB is desired, the scaling factor is determined from Equation 
12. This method applies only if the RRO network has been 
made complex comparable to the load according to the 
procedure in the previous section (Equations 5-9a), such that 
Rac = Zac- Using a scaling factor of 51 , and the previous 
examples, yields: 



IftheACioadls: 




To Tip RXI I 45.9 k 4^'^p , 
and Ring 1 ^^'"^ ' 



Then RRX should be: 

i^KvRX 



0.115 ^iF 
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The preceeding procedure will yield a receive gain which is 
constant with respect to frequency. The RRX resistor, or 
network, must have a tolerance equal to or better than the 
required system tolerance for receive gain. 



7) Transmit Gain (Gyx) 

Setting the transmit gain involves selecting RTX1 and RTX2 
in Figure 28. The voltage gain from Vl to Vjx is calculated 
from the following: 



VTX ^RTX2 

'^ Vl 



• 31 k • 0.328 



RTX1 • (RC + 31 k) 



(15) 



For dB gain, set RTX2 = 3.15 x RTX1 (for RC = 1.0 k). 
The actual values of RTX2 and RTX1 are not critical — only 
their ratio so as to provide the proper gain at the op amp. 
Once the ratio is established, the two resistors can be 
selected from a set of standard resistor values. The minimum 
value for RTX1 is limited by the drive capability of TXO, which 
is a nominal ±800 |j.A peak (±275 |xA minimum). As a general 
rule, RTX1 should be between 5.0 kQ. and 20 kQ. The load 
on TXO is the parallel combination of RTX1 and RRO. 

CTX is for DC blocking, and is typically a large value 
(1 .0 |LiF) so as to not be a significant impedance, in general, 
it should not be used for low frequency rolloff as that will 
affect the transhybrid rejection (discussed in the next sec- 
tion). Low frequency rolloff should be done after the op amp. 
High frequency roll-off can be set by placing a capacitor 
across RTX2. 

For complex loads (at Tip and Ring), if RRO and RRX have 
been made complex comparable to the load as described 
in the previous sections, neither RTX1 nor RTX2 needs to 
be complex since both the transmit and receive signals which 
appear at TXO will be flat with respect to frequency. 
. RTX1 and RTX2 must have a tolerance equal to or better 
than the required system tolerance for the transmit gain. 



8) Balance Network (RB) — Transhybrid Rejection 

When a receive signal is applied to Vrx to produce a signal 
at Tip and Ring, the two-to-four wire arrangement of a hybrid 
(the MC33121) results in a reflected signal at TXO. Transhy- 
brid rejection involves canceling that reflected signal before 
it appears at Vjx- The method used is to insert the RB 
resistor (or network) as shown in Figure 36. The current Ib, 
supplied from Vrx, cancels the current Ijxi supplied from 
TXO (Node A is a virtual ground). Good transhybrid cancella- 
tion requires that the currents be equal in magnitude and 
180° out of phase at Node A. 

Using the equations for transmit and receive gains, the 
current IjXI is equal to: 

33.5 * Vrx • Zac • Zl • 31 k (16) 



Itxi 



RRX • [Zac + ZJ • RTX1 • (RC + 31 k) 



a) For the case where RRO and RRX are comparable in 
configuration to Zl: 
Since Ib = Vrx/RB, then RB can be determined from: 



RB = 



RRX * RTX1 • (RC + 31 k) 
33.5 • [ZacZ/ZU • 31 k 



(17) 
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Figure 36. Balance Resistor 
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Equation 17 provides a value for an RB resistor which will 
provide the correct magnitude for Iq. The correct phase 
relationship is provided by the fact that the signal at TXO 
is out of phase with that at Vrx- The phase relationship will 
be 1 80° only if RRO and RRX are of a configuration Identical 
to that of the load. This applies regardless of whether the 
load, Z\_, (and RRO and RRX) are purely resistive or of a 
complex nature. Equation 17 reduces to a non-complex 
resistance if RRX, Zac, and Z\_ are all comparably complex. 
For the case where Zqc = Zl, RRX = 51 • Zac, and 
RC = 1.0 k, Equation 17 reduces to: - 



RB = 3.15«RTX1 



(18) 



b) For the case where Zac and Z\_ do not have the same 

frequency characteristics: 

For the case where, for reasons of cost and/or simplicity, 
the load (R|_) is considered resistive (whereas in reality it 
is not a pure resistance) and therefore resistors, rather than 
networks, were selected for RRO and RRX, using a simple 
resistor for RB may not provide sufficient transhybrid rejec- 
tion due to a phase angle difference between Vrx and TXO. 
The terminating impedance may therefore not necessarily 
be matched exactly to the line impedance, but the resulting 
circuit still provides sufficiently correct performance for re- 
ceive gain, transmit gain, and return loss. The rejection can 
be improved in this case by replacing RB with the configura- 
tion shown in Figure 37. Even on a very short phone line 
there is a reactive component to the load due to the two 
compensation capacitors (Cq, Figure 4) at the transistor 
collectors. The two capacitors can be considered in series 
with each other, and across the load as shown in Figure 37. 



To simplify the explanation, the current source and Zac of 
Figure 36 are replaced with the Thevenin voltage source and 
series Zac- Since Z\_ and Zac a'*e not matched, there will be 
a phase shift from Vrx to the signal across Tip and Ring. 
This phase shift is also present at TXO. The same phase 
shift is generated at node B in the RB network by making 
RBI equal to Zac, and Z[_ equal to the load. RB2 is then 
calculated from: 



RB2 = 



RRX • RTX1 • (RC + 31 k) 



(19) 



33.5 • Zac • 31 k 
For example, for a system where the load is considered a 
600 a resistor (RRO = 20.3 kQ, RRX = 30.6 kQ, RTX1 = 
10 kQ, and RC = 1.0 kQ), RBI would be a 600 Q resistor, 
Z\_ (in the RB network) would be a 600 Q resistor in parallel 
with a 0.005 |j.F capacitor, and RB2 calculates to 15.715 kQ. 
The RB resistor, or network, must have a tolerance 
equal to or better than the required system tolerance for 
transhybrid rejection. 

9) Logic Interface 

The logic circuit (output ST1 , and the I/O labeled ST2/PDI) 
is depicted in Figure 30, and functions according to the 
Status Output Truth Table (Table 1). 

a) Output Characteristics 

ST1 is a traditional NPN pull-down with a 15 kQ pull-up 
resistor. Figures 19 and 20 indicate its output characteristics. 

ST2 is configured with the following items: a) a 1 .0 mA 
current source for a pull-down which is active only when ST2 
is internally set low; b) an 800 |iA current source pull-up 
which is active only when ST2 is internally set high; c) a 
positive feedback aspect within this output circuit which 



Figure 37. Balance Network 
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provides considerable liysteresis for stability reasons. Its 
output characteristics are shown in Figures 21 and 22. Due 
to this configuration, any external pull-up resistance which 
is applied to this pin must be greater than 1 5 kQ, or the output 
may not reliably switch from high to low. Any external 
pull-down resistance does not affect this output's ability to 
switch from low-to-high, but does affect the maximum longitu- 
dinal currents which can be accepted by the circuit (see the 
section on Longitudinal Current Capability). The capacitor 
(Cj) is required to provide a time delay, for stability reasons, 
during transitions between off-hook and on-hook. This ca- 
pacitor additionally affects maximum longitudinal currents, 
as well as stability during pulse dialing (explained below). 

b) Hook Status 

The MC33121 uses the sense currents at CP and CN to 
activate the hook status circuit. The sensing is configured 
such that the circuit monitors the impedance across Tip/Ring, 
which results in the hookswitch thresholds are minimally 
affected by the battery voltage. The off-hook to on-hook 
threshold is affected by the choice of RRF according to the 
graph of Figure 8, but is not affected by the value of RS. 
The on-hook to off-hook threshold is affected by the value 
of RS according to the graph of Figure 9, but is not affected 
by RRF Varying the RC resistors does not affect the thresh- 
olds significantly. 

When the telephone is on-hook (ST1 = High, ST2 = Low), 
the MC33121 is internally powered down, the external tran- 
sistors are shut off, and power consumption is at a minimum. 
Upon closure of the phone's hookswitch, ST1 will switch low 
within 10 |is. ST2 will then change state slowly due to the 
external capacitor (Cj = 5.0 |liF). There is a =8.0 ms delay 
for ST2 to reach the threshold necessary to activate the 
internal bias circuit, which in turn activates the external drive 
transistors to supply loop current. This delay is necessary 
to prevent instabilities during the transition to off-hook. 

Upon opening the telephone's hookswitch, ST1 will switch 
high within =200 us. ST2 then requires =60 ms to reach the 
threshold to switch off the internal bias circuit, which in turn 
shuts down the external drive transistors. 



c) Pulse Dialing 

During pulse dialing, ST1 will change state concurrent with 
the hookswitch. ST2 is kept from switching during pulse 
dialing by the external capacitor (Cj), which keeps the 
MC33121 in a powered up condition and stable. If the Cj 
capacitor is too small, the voltage at ST2 could drop to the 
PDI threshold (see section e below) during each pulse. This 
could cause the MC331 21 to create additional noise on the 
line as it would cycle between a power-up and power-down 
condition with each dialing pulse. 

d) Fault Detection 

Faults are defined as excessive leakage from Tip to Vee 
and/or ground, and from Ring to Vee and/or ground. A single 
fault is any one of the above conditions, while a double fault 
is defined as excessive leakage from Tip to Vee and from 
Ring to Vcc. as depicted in Figure 38. Refer to Figures 11-15 
for the resistance, Rlk. which will cause the MC33121 to 
switch to a power-down condition. If the leakage resistance 
is less than that indicated in the graphs, the MC33121 will 
power-down itself and the two external transistors, thereby 
protecting them from overheating. Both status outputs (ST1 
and ST2) will be at a logic low. Indicating a fault condition. 
A fault condition is detected by monitoring an imbalance in 
the magnitudes of the currents at TSI and RSI, and/or a 
polarity reversal at Tip and Ring. 

The MC33121 will detect the following conditions: 

1) When on-hook (see Figure 11): 

a) <2.6 kQ between Ring and Vcc (depending on Rs 
and Vee). with no hysteresis at this threshold, or 

b) <3.7 kQ between Tip and Vee (depending on Rs and 
Vee), with no hysteresis at this threshold, or 

c) Both a and b simultaneously. 

Leakage from Tip to Vcc and/or Ring to Vee are not 
detected as faults while the MC33121 is on-hook. 

2) When off-hook (367 Q between Tip and Ring): 

a) <400 Q between Tip and Vcc (RS = 6.2 kQ), or 

b) <1800 Q between Tip and Vee. or 

c) <400 Q between Ring and Vee (Rs = 6.2 kQ), or 

d) <1800 Q between Ring and Vcc. o"" 

e) Both b and d simultaneously 



On-Hook 



Off-Hook 



Figure 38. Fault Detection 
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A simultaneous occurrence of conditions a) and c) is not 
detected as a fault. See Figures 12 to 15 for the threshold 
variation with Rl and Vee- Resetting of the fault detection 
circuit requires that the leakage resistance be increased to 
a value between 10 k^ and 20 kQ, depending on Vee. Rl. 
and Rs- Both ST1 and ST2 should be monitored for 
hookswitch status to preclude not detecting a fault condition. 
Figure 15 indicates the variation in fault thresholds for 
Tip-to-Vcc and Ring-to-Battery faults, and is valid only for 
loop resistances of 200 Q to 800 Q. On loops larger than 
800 Q, the MC33121 does not reliably indicate the fault 
condition at ST1 and ST2, but may indicate on-hook status 
instead. This does not apply to Tip-to-Battery and 
Ring-to-Vcc faults which are correctly detected for lines 
beyond 800 Q. 

e) PDI Input 

The ST2 output can also be used as an input (PDI Input) 
to power down the circuit, denying loop current to the 
subscriber (by shutting off the external pass transistors), 
regardless of the hookswitch position. Powering down is 
accomplished by pulling PDI to a logic low with an open 
collector output, or an NPN transistor as shown in Figure 
30. The switching threshold is =1 .5 V. The current out of PDI, 
when pulled low, is =800 p.A. Releasing PDI allows the 
MC33121 to resume normal operation. 

If the external telephone is off-hook while the MC33121 
is powered down, sense currents at CP and TSI will result 
in some loop current flowing through the loop and back into 
CN and RSI. This current is generally on the order of 1.0 
to 3.0 mA, determined primarily by the Rs resistors, loop 
resistance, and Vee- STI will continue to indicate the tele- 
phone's actual hook status while PDI is held low. The 
on-to-off hook threshold is the same as that during normal 
operation, but the off-to-on hook threshold is >250 kQ. 

When powered down with the PDI pin, the receive gain 
(Vrxi to Tip/Ring) is muted by >90 dB, and the transmit gain 
(Tip/Ring to TXO) is muted by >30 dB. 

Power Dissipation, Calculation and Considerations 

a) Reliability 

The maximum power dissipated by the MC33121 must be 
considered, and managed, so as to not exceed the junction 
temperature listed in the Maximum Ratings Table. Exceed- 
ing this temperature on a recurring basis will reduce long 
term reliability, and possibly degrade performance. The 
junction temperature also affects the statistical lifetime of 
the device, due to long term thermal effects within the 
package. Today's plastic integrated circuit packages are as 
reliable as ceramic packages under most environmental 
conditions. However, when the ultimate in system reliability 
is required, thermal managements must be considered as 
a prime system design goal. 

Modern plastic package assembly technology utilizes gold 
wire bonded to aluminum bonding pads throughout the 
electronics industry. When exposed to high temperatures for 
protracted periods of time an intermetallic compound can 
form in the bond area resulting in high impedance contacts 
and degradation of device performance. Since the formation 
of intermetallic compounds is directly related to device junc- 
tion temperature, it is incumbent on the designer to determine 
that the device junction temperature is consistent with sys- 
tem reliability goals. 



Based on the results of almost ten years of +125°C 
operating life testing. Table 2 has been derived indicating 
the relationship between junction temperature and time to 
0.1% wire bond failure. 

Table 2. Statistical Lifetime 



Junction 


Time 


Time 


Temperature (°C) 


(Hours) 


(Years) 


80 


1,032,200 


117.8 


90 


419,300 


47.9 


100 


178,700 


20.4 


110 


79,600 


9.4 


120 


37,000 


4.2 


130 


17,800 


2.0 


140 


8,900 


1.0 



Motorola MECL Device Data. DL122 

The "Time" in Table 2 refers to the time the device is 
operating at that junction temperature. Since the MC33121 
is at a low power condition (nominally 40 mW) when on-hook, 
the duty cycle must be considered. For example, if a statisti- 
cal duty cycle of 20% off-hook time is used, operation at 
130°C junction temperature (when off-hook) would result in 
a statistical lifetime of =10 years. 

b) Power and Junction Temperature Calculation 

The power within the IC is calculated by subtracting the 
power dissipated in the two-wire side (the transistors and 
the load) from the power delivered to the IC by the power 
supplies. Refer to Figure 4 and 27. 

Pd = IVdd • IddI + |Vee • ieeI - (II • |Vep - VenI) (20) 

The terms Vep and Ven are the DC voltages, with respect 
to ground, at the EP and EN pins. These voltages can be 
measured, or can be approximated by: 

VEP--(30n»lL) 
Ven-|VeeI + 2.1 V + (iL«35Q) 

Refer to Figure 23. The junction temperature is then calcu- 
lated from: 



Tj = Ta + (Pd • ejA) 



(21) 



where Ta is the ambient air temperature at the IC package, 
and 0JA is the junction-to-ambient thermal resistance shown 
in Figure 39. The highest junction temperature will occur at 
maximum Vee and Vqd- maximum loop current, and maxi- 
mum ambient temperature. 

If the above calculations indicate the junction temperature 
will exceed the maximum specified, then it is necessary to 
reduce the maximum loop current, ambient temperature, 
and/or Vee supply voltage. Air flow should not be restricted 
near the IC by tall components or other objects since even 
a small amount of air flow can substantially reduce junction 
temperature. For example, typically an air flow of 300 LFPM 
(3.5 mph) can reduce the effective Gja by 14 to 20% from 
that which occurs in still air. Additionally, providing as much 
copper area as possible at the IC pins will assist in drawing 
away heat from within the IC package. For additional informa- 
tion on this subject, refer to the 'Thermal Considerations" 
section of Motorola MECL System Design Handbook, and 
the "System Design Considerations" section of Motorola 
MECL Device Data. 
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Figure 39. Thermal Resistance 
(Junction-to-Ambient) 
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Selecting the Transistors 

The specifications for the two loop current pass transistors 
involve their current gain, voltage rating, and power dissipa- 
tion capabilities at the highest ambient temperatures. Power 
dissipation during both normal operation and faults must be 
considered when determining worst case situations. Gener- 
ally, more power is dissipated during a fault condition than 
during normal operation. 

The transistors' minimum beta is recommended to be 40 
at the loop currents involved in the application. A lower beta 
could degrade gain and balance performance. Maximum 
beta should be less than 500 to prevent possible oscillations. 
Darlington type transistors should not be used. The voltage 
rating should be consistent with the maximum Vee> expected 
transients, and the protection scheme used. 

Referring to Figure 27, during normal operation the loop 
current and the voltage across the transistors are both at 
a maximum when the load impedance (Rl) is at a minimum. 
The loop current is determined by RRF and the graphs of 
Figures 5-7. The voltage across each transistor is deter- 
mined from the following: 

IVeeI - 2.1 - [(65 + 2RP + RJ • lU 
Vt= -^^ — - (22) 

The power in each transistor is then (Vj • II). The voltage 
across the two transistors will always be nearly equal during 
normal operation, resulting in equal power dissipation. The 
graph of Figure 24 indicates the power dissipated in each 
transistor where RP = 100 Q. 

During a fault condition, depicted in Figure 38, if the 
leakage resistance from Tip to Vee or from Ring to Vqc 'S 
less than that shown in Figures 12-14 (when off-hook), the 
MC33121 will power down the transistors to protect them 
from overheating. Should the leakage resistance be slightly 
higher than that shown in the graphs, however, and the fault 
detection has not been activated, the power in one transistor 
(in a single fault, both transistors in a double fault) will be 
higher than normal. The power will depend on Vee. Rl. RP 
and the leakage resistance. Table 3 is a guide of the power 
in the transistor dissipating the higher power level. 
The power (in watts) in the two right columns indicates the 
power dissipated by that transistor if it is carrying the maxi- 
mum fault current. The system designer should attempt to 
predict possible fault conditions for the system, and then 



measure the conditions on the transistors during the worse 
case fault(s). 

Table 3. Transistor Power During a Fault 



Vee 


RL 


PPNP 


Pnpn 


-42 
-24 
-42 
-24 


150 
150 
600 
600 


0.835 
0.257 
0.601 
0.109 


0.615 
0.176 
0.185 
0.057 



For most applications involving a maximum loop current 
of 30-40 mA, and a maximum Ta of +85°C, and where faults 
may occur, the MJD243 and MJD253 DPAK transistors are 
recommended. When mounted as described in their data 
sheet, they will handle both the normal loop current as well 
as most fault conditions. If faults are not expected to occur 
in a particular application, then smaller package transistors, 
such as MPS6717 and MPS6729, may be used. Each 
application must be evaluated individually when selecting 
the transistors. 

Other possible transistors which can be considered: 



PNP 


NPN 


MJD253-1 


MJD243-1 


MJE253 


MJE243 


MJD32 


MJD31 


MJD42 


MJD41 


MJD350 


MJD340 


TIP30A,B,C 


TIP29A,B,C 



Longitudinal Current Capability 

The maximum longitudinal current which can be handled 
without distortion is a function of loop current, battery feed 
resistance, the longitudinal impedance, and the components 
on ST2. 

Since the pass transistors cannot pass current in the 
reverse direction, the DC loop current provides one upper 
boundary for the peak longitudinal current plus peak speech 
signal current. The battery feed resistance determines, in 
effect, the DC voltage across the transistors, which is a 
measure of the headroom available for the circuit to handle 
the peak longitudinal voltage plus peak speech signal volt- 
age. The longitudinal impedance, determined by the Rs 
resistors (equation 4), determines the longitudinal current for 
a given longitudinal voltage. 

While analysis of the above items may yield one value 
of maximum longitudinal current, a different limit (which may 
be higher or lower) is imposed by the capacitor Cj, and any 
pulldown resistance Rj, on Pin 12 (ST2). This is due to the 
fact that the sense currents at TSI and RSI will be alternately 
mismatched as Tip and Ring move up and down together 
in the presence of longitudinal signals. When the longitudi- 
nals are strong, the internal fault detect circuit is activated 
with each 1/2 cycle, which attempts to switch ST2 low (see 
the section on Fault Detection). The speed at which ST2 can 
switch low is a function of both the external capacitor, Cj 
and any pulldown resistance, Rj. 

The graphs of Figures 25 and 26 indicate the maximum 
longitudinal current which can be handled (in Tip and in Ring) 
without distortion or causing ST2 to switch low. 

PC Board Layout Considerations 

PC board considerations include thermal, RFI/EMI, tran- 
sient conditions, interconnection of the four wire side to the 
codec/filter, and others. Wirewrapped boards should be 
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avoided — breadboarding should be done on a (at least) 
reasonably neat PC board. 

a) Thermal 

Power dissipated by the MC33121 and the two transistors 
must be removed to prevent excessively high junction tem- 
peratures. The equations for calculating junction tempera- 
tures are mentioned elsewhere in this data sheet. Heat is 
removed by both air flow and copper foil on the PC board. 
Since even a small amount of air flow substantially reduces 
junction temperatures compared to still air, tall components 
or other objects should not be placed such that they block 
air flow across the heat generating devices. Increasing, 
wherever possible, the area of the copper foil at the IC pins 
will provide additional heat removal capability. A ground 
plane can generally help here, while at the same time helping 
to reduces RFI problems. 

b) RFI/EMI 

While the MC33121 is intended for use at audio frequen- 
cies, the internal amplifiers have bandwidths in excess of 
1.0 MHz, and can therefore respond to externally induced 
RFI and EMI. Interference signals can come in on the phone 
line, or be radiated on to the PC board from nearby radio 
stations or from high frequency circuitry (digital & micropro- 
cessor circuitry) in the vicinity of the line card. 

Usually RFI entering from the phone line at Tip and Ring 
can be removed by the compensation capacitors (Cc) pro- 
vided they are connected to a good quality RF ground 
(generally the same ground which connects to Vqc on the 
MC331 21 ). The ground track should be as wide and as direct 
as possible to minimize lead inductance. Generally better 
results can be obtained if an RF bleedoff to earth (or chassis) 



ground can be provided where the twisted pair phone line 
comes into the system. 

To minimize problems due to noise radiating directly onto 
the PC board from nearby high frequency circuitry, all compo- 
nents associated with the MC33121 should be physically as 
close as possible to the IC. The most sensitive pins in this 
respect are the CP, CN, RSI, TSI, VAG and RXI pins. 
Keeping the tracks short minimizes their "antenna" effect. 

c) Transient Conditions 

When transient voltages come in to Tip and Ring, the 
transient currents, which can be several amperes, must be 
carried by the ground line (Vqc) and/or the Vee "ne. These 
tracks, along with the protection and clamping devices, 
must be designed for these currents at the frequencies 
involved. If the tracks are narrow, not only may they be 
destroyed by the high currents, but their inductance can 
allow the voltage at the IC, and other nearby components, 
to rise to damaging levels. 

The protection circuits shown in Figure 4, and in other 
figures in this data sheet, are such that the bulk of the 
transient energy is dissipated by external components (the 
protection resistors and the clamp diodes). The MC33121 
has internal diodes to limit voltage excursions on the pins, 
and to pass a small amount of the transient current — 
typically less than 1 .0 A peak. The arrangement of the diodes 
is shown in Figure 40. 

d) Interconnection of the four-wire side 

The connections on the four-wire side to the codec and 
other digital circuitry involves keeping digital noise out of 
the speech paths, and also ensuring that potentially 
destructive transients on Tip and Ring do not get through 
to the +5.0 V system. 



Figure 40. Protection Diodes 
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Basically, digital connections to ST1 and ST2 should be 
referenced to the Vdd ^^^ Vdg P'^s, while the transmit and 
receive analog signals should be referenced to the analog 
ground (Vag)- Vqc should be connected to a clean battery 
ground, and generally should not be connected directly to 
VdG and/or Vag (on the line card) when strong transients 
are anticipated. Even with a good layout, Vcc can move 
several volts when a transient hits, possibly damaging 
components on the +5.0 V line if their grounds have a 
direct connection at the line card. The MC33121 is de- 
signed to allow Vcc to move as much as ±30 V with 
respect to Vqg and Vag on a transient basis only. Vcc and 
the other grounds should preferably be connected together 
at the power supply rather than at the IC. Internally, the 
MC33121 has clamp diodes on the 4-wire side pins as 
indicated in Figure 40. 

If the codec has a single ground pin, as in Figure 41 , it 
will be the reference for both the digital and analog signals, 
and must be connected to both Vag and Vqg on the 
MC33121. If the codec has separate digital and analog 
grounds, as in Figure 42 (the MC1 45503 internally generates 



the analog ground), then each ground should be connected 
to the appropriate ground on the MC33121. 

e) Other 

A 0.1 fxF capacitor should be provided across Vcc to 
Vee on the MC33121 to help keep idle channel noise to 
a minimum. 

The Cqb capacitor (on the Vqb pin) forms a pole with an 
internal 7.5 kQ. resistor to filter noise from the Vee P'n, 
providing an internal quiet battery supply for the speech 
amplifiers. Power supply rejection will depend on the value 
and quality of this capacitor at the frequencies of concern. 
Tantalum capacitors generally have better high frequency 
characteristics then electrolytics. See Figure 1 7 and 1 8 for 
ripple rejection characteristics (the four-wire data was mea- 
sured at pin 11 (TXO)). Figure 16 indicates ripple rejection 
from the +5.0 V supply (Vdd)- 

In general, pc board tracks carrying analog signals (on the 
four-wire side and Tip/Ring) should not be routed through 
the digital section where they could pick up digital noise. Any 
tracks longer than a few inches should be considered an 



Figure 41. Connection to a CODEC With a Single Ground 
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Figure 42. Connection to a CODEC With Separate Grounds 
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antenna and should be checked for potential noise or RFI 
pickup which could affect the circuit operation. 

Alternate Circuit Configurations 

a) Loop Current Limit 

Replacing the RRF resistor with the circuit in Figure 43 
will change the DC loop current characteristics in two ways 
from the graphs of Figures 5-7; a) the maximum loop current 
on a short line can be reduced while increasing the current 
on a long line, and b) the temperature dependence of the 
maximum current is reduced to the TC of the external 
reference diode. 

Figure 43. Alternate Current Limit Circuit 



LM385-1.2 



The LM385-1.2 is a precision temperature stable zener 
diode. As the load impedance at Tip and Ring is reduced, 
the voltage at RFO goes increasingly negative. When the 
zener diode is turned on, the current into RXI is then clamped 
at a value determined by RRF1 and the zener diode. To 
calculate the two resistors, use the following procedure: 

RRF1 must be >0.7 • (RRF1 + RRF2); 

Determine RRF1 to set the current limit on a short line 
by using the following equation: 




RRF1 = ■ 



102 o 1.23 V 
iL(max)- 3.0 mA 



(23) 



Then using Equation 1 calculate RRF for the long line 
current. RRF2 is then determined by; 



RRF2 = RRF-RRF1 



(24) 



Figure 44 illustrates one example using the above 
circuit. Comparing this graph to the 5100 Q. curve of 
Figure 7 shows a substantial decrease in the current limit 
(at Rl = 0), resulting in reduced power consumption and 
dissipation. Use of this circuit does not affect the 
hookswitch or fault thresholds. 

b) Protection Scheme 

The protection circuit shown in Figure 45 has the advan- 
tage of drawing =90% of the transient current from ground 
(Vcc) on 3 negative transient, rather than from the Vee ''"© 
as the circuit of Figure 4 does. The majority of the transient 
current flows through the RP resistors and the Mosorbs while 



a small amount (=10%) flows through the sense resistors 
and the CP, CN, RSI pins. On a positive transient, all the 
current is directed to ground. The diode in the NPN's collector 
prevents reverse current through the base-collector junction 
of the transistor during a negative transient. 



Figure 44. Loop Current versus Loop Resistance 
Alternate Loop Current Limit Configuration 
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Figure 45. Alternate Protection Scheme 
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CIRCUIT PERFORMANCE 



The following three circuits are presented as typical appli- as an AC load, a complex network composed of an 820 Q. 

cation examples, and the accompanying graphs indicate resistor in parallel with 0.115 |liF, and those in series with 

their measured performance. The first circuit (Figure 46) has a 220 Q. resistor. In the graphs of Figures 49-51 , Rl = Return 

a 600 Q pure resistance as the AC load. The second circuit Loss, THR = Transhybrid Rejection, GTX = Transmit Gain, 

(Figures 47) has as an AC load a 900 Q resistor in series GRX = Receive Gain, 
with a 2.16 |liF capacitor. The third circuit (Figure 48) has 

Figure 46. 600 Q System 
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Figure 47. 900 Q and 2.16 ^F System 
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Figure 48. 220 Q and 820 Q//0.115 [if System 
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Figure 49. Circuit Performance, 600 n System 
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Figure 50. Circuit Performance 
900 Q and 2.16 |iF System 
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Figure 51. Circuit Performance 
820 n//0.115 |iF and 220 Q. System 



Figure 52. Return Loss Test Circuit 
for Figures 46 to 51 
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GLOSSARY 



ATTENUATION — A decrease in magnitude of a communica- 
tion signal, usually expressed in dB. 

BALANCE NETWORK — That part of the SLIC circuit which 
provides transhybrid rejection. 

BANDWIDTH — The range of information carrying frequen- 
cies of a communication system. 

BATTERY — The voltage which provides the loop current, 
and in some cases powers the SLIC circuit. The name derives 
from the fact that CDs have always used batteries, in 
conjunction with AC power, to provide this voltage. 

BATTERY FEED RESISTANCE — The equivalent Thevenin 
DC resistance of the SLIC circuit for supplying loop current. 
Traditionally it is 400 Q. 

C-MESSAGE FILTER — A frequency weighting which 
evaluates the effects of noise on a typical subscriber's system. 

CENTRAL OFFICE — Abbreviated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that houses 
switching gear for interconnection within its exchange area, 
and to the rest of the telephone system. A typical CO can 
handle up to 10,000 subscriber numbers. 

CODEC — Coder/Decoder — Interfacing between the SLIC 
and the digital switch, it converts the SLIC's transmit signal to 
digital, and converts the digital receive signal to analog. 

dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 
10 • log (Pi / P2) for power measurements, and 
20 • log (Vi / V2) for voltage measurements. 

dBm — An indication of signal power. 1 .0 mW across 600 n, 
or 0.775 Vrms, is defined as dBm. Any other voltage level is 
converted to dBm by: 

dBm = 20 • log (Vrms/0.775), or 

dBm = [20 • log (Vrms)] + 2.22. 



dBmp — Indicates dBm measurement using a psophometric 
weighting filter. 



dBrn — Indicates a dBm measurement relative to 1 .0 pW 
power level into 600 Q. Generally used for noise measure- 
ments, dBrn = -90 dBm. 



dBrnC — Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF — Dual Tone Multifrequency. It is the "tone dialing" 
system based on outputting two non-harmonic related fre- 
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four 
columns of a keypad. 

FAULT — An incorrect condition where Tip is accidentally 
connected to the battery voltage, or Ring is connected to 
ground, or both. The most common fault is Ring to ground. 

FOUR WIRE CIRCUIT — The portion of a telephone, or 
central office, which operates on two pairs of wires. One pair 
is for the transmit path, and one pair is for the receive path. 

FULL DUPLEX — A transmission system which permits 
communication in both directions simultaneously. The stan- 
dard handset telephone system is full duplex. 

GAIN — The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 
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HALF DUPLEX — A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speakerphones, 
are half duplex. 

HOOKSWITCH — A switch, within the telephone, which 
connects the telephone circuit to the subscriber loop. The 
name derives from old telephones where the switch was 
activated by lifting the receiver off and onto a hook on the side 
of the phone. 

HYBRID — Another name for a two-to-four wire converter. 

IDLE CHANNEL NOISE — Residual background noise when 
transmit and receive signals are absent. 

LINE CARD — The PC board and circuitry in the CO or PBX 
which connects to the subscriber's phone line. A line card may 
hold circuitry for one subscriber, or a number of subscribers. 

LONGITUDINAL BALANCE — The ability of the SLIC to 
reject longitudinal signals on Tip and Ring. 

LONGITUDINAL SIGNALS — Common mode signals. 

LOOP — The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the 
central office (or PBX) at the other end. Generally, it is a 
floating system not referred to ground, or AC power. 

LOOP CURRENT — The DC current which flows through the 
subscriber loop. It is typically provided by the central office or 
PBX, and ranges from 20 to 120 mA. 

OFF-HOOK — The condition when the telephone is con- 
nected to the phone system, permitting the loop current to 
flow. The central office detects the DC current as an indication 
that the phone is busy. 

ON-HOOK — The condition when the telephone is discon- 
nected from the phone system, and no DC loop current flows. 
The central office regards an on-hook phone as available for 
ringing. 

PABX — Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an office 
building. A portion of the PABX connects to the Bell (or other 
local) telephone system. 

PROTECTION, PRIMARY — Usually consisting of carbon 
blocks or gas discharge tubes, it absorbs the bulk of a lightning 
induced transient by clamping the voltages to less than 
±1500V. 

PROTECTION, SECONDARY — Usually located on the line 
card, it protects the SLIC and associated circuits from 
transient surges. Typically, it must be capable of clamping a 
±1 .5 kV surge of 1 .0 ms duration. 

PULSE DIALING — A dialing system whereby the loop 
current is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed, and the interruption rate is typically 1 per second. The 
old rotary phones, and many new pushbutton phones, use 
pulse dialing. 

RECEIVE PATH — Within the CO or PBX it is the speech 
path from the internal switching system towards the phone 
line (Tip & Ring). 



REN — Ringer Equivalence Number. An indication of the 
impedance or loading factor of a telephone bell or ringer 
circuit. An REN of 1.0 equals =8.0 kQ. The Bell system 
typically permits a maximum of 5.0 REN (1.6 kQ) on an 
individual subscriber line. A minimum REN of 0.2 (40 kQ) is 
required by the Bell system. 

RETURN LOSS — Expressed in dB, it is a measure of how 
well the SLIC's AC impedance matches the line's AC 
characteristic impedance. With a perfect match, there is no 
reflected signal, and therefore infinite return loss. It is 
calculated from: 



RL = 20 • log 



(ZLine + ZckT) 
(ZLine-ZcKT) 



RING — One of the two wires connecting the central office to 
a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the 
connection. Ring is traditionally negative with respect to Tip. 

SLIC — Subscriber Line Interface Circuit. It is the circuitry 
within the CO or PBX which connects to the user's phone line. 

SUBSCRIBER — The customer at the telephone end of the 
line. 

SUBSCRIBER LINE — The system consisting of the user's 
telephone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as a 
loop). 

TIP — One of the two wires connecting the central office to a 
telephone. The name derives from the tip of the plugs used by 
operators (in older equipment) to make the connection. Tip is 
traditionally positive with respect to Ring. 

TRANSHYBRID REJECTION — The rejection (in dB) of the 
reflected signal in the transmit path resulting from a receive 
signal applied to the SLIC. 

TRANSMIT PATH — Within the CO or PBX it is the speech 
path from the phone line (Tip & Ring) towards the internal 
switching system. 

TWO WIRE CIRCUIT — Refers to the two wires connecting 
the central office to the subscriber's telephone. Commonly 
referred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

TWO-TO-FOUR WIRE CONVERTER — A circuit which has 
four wires (on one side) — two (signal & ground) for the 
outgoing signal, and two for the incoming signal. The outgoing 
signal is sent out differentially on the two wire side (the other 
side), and incoming differential signals received on the two 
wire side are directed to the four wire side. Additional circuit 
within cancels the reflected outgoing signal to keep it separate 
from the incoming signal. 

VOICEBAND — That portion of the audio frequency range 
used for transmission across the telephone system. Typically, 
it is 300 to 3400 Hz. 
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TECHNICAL DATA 



High Output Current Low Power, 
Low Noise Bipolar Operational 
Amplifiers 

The MC33178/9 series is a family of high quality monolithic amplifiers 
employing Bipolar technology with innovative high performance concepts for 
quality audio and data signal processing applications. This device family 
incorporates the use of high frequency PNP input transistors to produce 
amplifiers exhibiting low input offset voltage, noise and distortion. In addition, the 
amplifier provides high output current drive capability while consuming only 
420 |iA of drain current per amplifier. The NPN output stage used, exhibits no 
deadband crossover distortion, large output voltage swing, excellent phase and 
gain margins, low open-loop high frequency output impedance, symmetrical 
source and sink AC frequency performance. 

The MC33178/9 family offers both dual and quad amplifier versions, tested 
over the vehicular temperature range. These devices are available In DIP and 
SOIC packages. 

• 600 Q, Output Drive Capability 
© Large Output Voltage Swing 

• Low Offset Voltage: 0.15 mV (Mean) 

• Low T.C. of Input Offset Voltage: 2.0 ^iV/°C 

• Low Total Harmonic Distortion: 0.0024% 
(@ 1.0 kHz W/600Q Load) 

• High Gain Bandwidth: 5.0 MHz 

• High Slew Rate: 2.0 V/^is 

• Dual Supply Operation: ±2.0 V to ±1 8 V 

• BSD Clamps on the Inputs Increase Ruggedness 
without Affecting Device Performance 




ORDERING INFORMATION 



Op Amp 
Function 


Fully 
Compensated 


Temperature 
Range 


Package 


Dual 


MC33178D 
MC33178P 


-40<'to+85°C 


SO-8 
Plastic DIP 


Quad 


MC33179D 
MC33179P 


SO-14 
Plastic DIP 



MC33178 
MC33179 



HIGH OUTPUT CURRENT 

LOW POWER, LOW NOISE 

OPERATIONAL AMPLIFIERS 




DUAL 

P SUFFIX 

PLASTIC PACKAGE 
CASE 626 



D SUFFIX 

PLASTIC PACKAGE 

CASE 751 

(SO-8) 



PIN CONNECTIONS 



Output Id — I HVcc 
f [IjnJ I — 3 0utput2 
Inputs 1j [3 FLfll 

veeIi He J 



Inputs 2 



(Top View) 



QUAD 


iO^gS^ P SUFFIX 
nfiWVWl PLASTIC PACKAGE 
i^'TIIII*' case 646 


^^^ D SUFFIX 

^g^ PLASTIC PACKAGE 
14 Nl^^ CASE 751 A 
1 (SO-14) 


PIN CONNECTIONS 


Output 1 [T 


1 


14] Output 4 


rd 


_^ 




^ 


I^ Inputs 4 

i2|J 


vccE 




nlVEE 


,npu.s2{| 


> 




r^ 


To]. 
^}lnputs3 


Output 2 [7 


1 1 


T| Output 3 




(Top View) 
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MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage (Vcc to Vee) 


vs 


+36 


V 


Input Differential Voltage Range 


V|DR 


(Notel) 


V 


Input Voltage Range 


V|R 


(Note1) 


V 


Output Short Circuit Duration (Note 2) 


tsc 


Indefinite 


sec 


Maximum Junction Temperature 


Tj 


+150 


°C 


Storage Temperature Range 


Tstg 


-60 to +150 


°C 


Maximum Power Dissipation 


Pd 


(Note 2) 


mW 



DC ELECTRICAL CHARACTERISTICS (Vcc = +15 V, Vee = -15 V, Ta = 25°C, unless othenwise noted.) 



Characteristics 


Figure 


Symbol 


Min 


Typ 


Max 


Unit 


Input Offset Voltage (Rs = 50 Q, VcM = V, Vq = V) 

(Vcc = +2.5 V, Vee = -2.5 v to vcc = +1 5 V, Vee = -1 5 v) 

Ta = +25°C 

Ta = -40° to +85°G 


2 


IViol 


- 


0.15 


3.0 
4.0 


mV 


Average Temperature Coefficient of Input Offset Voltage 
(RS = 50Q,VcM = 0V,Vo = 0V) 
Ta = -40° to +85°C 


2 


AV|o/AT 




2.0 




^V/°C 


Input Bias Current (Vcm = V, Vq = V) 
Ta = +25°C 
Ta = -40° to +85°C 


3,4 


l|B 


- 


100 


500 
600 


nA 


Input Offset Current (Vcm = V, Vq = V) 
Ta = +25°C 
Ta = -40° to +85°C 




iiioi 


- 


5.0 


50 
60 


nA 


Common Mode Input Voltage Range 
(AV|o = 5.0mV,Vo = 0V) 


5 


V|CR 


-13 


-14 
+14 


+13 


V 


Large Signal Voltage Gain (Vq = -10 V to +10 V, Rl = 600 Q) 
Ta = +25°C 
Ta = -40° to +85°C 


6,7 


AVOL 


50 k 
25 k 


200 k 


- 


VA/ 


Output Voltage Swing (V|d = ±1 .0 V) 

(Vcc = +15 V, Vee = -15 V) 
Rl = 300 n 

Rl = 300 q 
RL = 600Q 
Rl = 600 Q 
RL = 2.0kQ 
RL = 2.0kQ 
(Vcc = +2.5 V, Vee = -2.5 V) 

Rl = 600 n 

Rl = 600 Q 


8,9,10 


Vo+ 
Vo- 
Vo+ 
Vo- 
Vo+ 
Vo- 

Vo+ 
Vo- 


+12 
+13 

1.1 


+12 
-12 

+13.6 
-13 
+14 

-13.8 

1.6 
-1.6 


-12 
-13 

-1.1 


V 


Common Mode Rejection (Vjn = ±1 3 V) 


11 


CMR 


80 


110 


— 


dB 


power Supply Rejection 

VccA/eE = +1 5 V/ -15 V, +5.0 V/ -1 5 V, +1 5 V/ -5.0 V 


12 


PSR 


80 


110 


— 


dB 


Output Short Circuit Current (V|d = ±1 .0 V, Output to Ground) 
Source (Vcc = 2.5 V to 15 V) 
Sink (Vee = -2.5 V to -15 V) 


13,14 


'sc 


+50 
-50 


+80 
-100 


- 


mA 


Power Supply Current (Vq = V) 

(Vcc = 2.5 V, Vee = -2.5 V to Vcc = +15 V, Vee = -15 V) 
MC33178(Dual) 
Ta = +25°C 
Ta = -40° to +85°C 
MC33179(Quad) 
Ta = +25°C 
Ta = -40° to +85°C 


15 


Id 


- 


1.7 


1.4 
1.6 

2.4 
2.6 


mA 



NOTES: 1. Either or both input voltages should not exceed Vcc 01" Vee- 

2. Power dissipation must be considered to ensure maximum junction temperature (Tj) is not exceeded. (See power dissipation 
performance characteristic, Figure 1 .) 
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AC ELECTRICAL CHARACTERISTICS (Vqc = +15 V, Vee = -15 V, Ta = 25*0, unless otherwise noted.) 



Characteristics 


Figure 


Symbol 


IVIin 


Typ 


Max 


Unit 


(Vjn = -10Vto+10V,RL = 2.0kfi,CL=100pF.Av = +1.0V) 


16,31 


SR 


1.2 


2.0 


— 


V/^is 


Gain Bandwidth Product (f = 1 00 l<Hz) 


17 


GBW 


2.5 


5.0 


— 


MHz 


AC Voltage Gain (Rl = 600 Q. Vq = V, f = 20 kHz) 


18,19 


Avo 


— 


50 


— 


dB 


Unity Gain Frequency (Open-Loop) (Rl = 600 Q, Cl = pF) 




fu 


— 


3.0 


— 


MHz 


Gain Margin (Rl = 600 fi, Gl = pF) 


20,22,23 


Am 


~ 


15 


- 


dB 


Phase Margin (Rl = 600 ft, Cl = pF) 


21,22,23 


<l)m 


- 


60 


- 


Degrees 


Channel Separation (f = 100 Hz to 20 kHz) 


24 


CS 


— 


-120 


— 


dB 


Power Bandwidth (Vq = 20 Vp.p, Rl = 600 a THD ^ 1 .0%) 




BWp 


- 


32 


— 


kHz 


Distortion (Rl = 600 Q„ Vq = 2.0 Vp.p, Ay = +1 .0 V) 
(f= 1.0 kHz) 
(f=10kHz) 
(f = 20kHz) 


25 


THD 


- 


0.0024 
0.014 
0.024 


- 


% 


Open-Loop Output Impedance 

(Vo = 0V,f = 3.0MHz,Av=10V) 


26 


IZqI 


— 


150 


— 


Q 


Differential Input Resistance (Vqm = V) 




R|N 


— 


200 


— 


kQ. 


Differential Input Capacitance (Vqm = V) 




C|N 


— 


10 


— 


pF 


Equivalent Input Noise Voltage (Rs = 1 00 Q,) 
f=10Hz 
f= 1.0kHz 


27 


en 


- 


8.0 
7.5 


- 


nV/VRz 


Equivalent Input Noise Current 
f=10Hz 
f= 1.0kHz 


28 


in 


- 


0.33 
0.15 


- 


pA/ViHz 



Figure 1. Maximum Power Dissipation 
versus Temperature 
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Figure 2. Input Offset Voltage versus 
Temperature for 3 Typical Units 
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Figure 3. Input Bias Current 
versus Common Mode Voltage 
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Figure 4. Input Bias Current 
versus Temperature 
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Figure 5. Input Common Mode Voltage 
Range versus Temperature 
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Figure 6. Open-Loop Voltage Gain 
versus Temperature 
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Figure 7. Voltage Gain and Phase 
versus Frequency 
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Figure 8. Output Voltage Swing 
versus Supply Voltage 
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Figure 9. Output Saturation Voltage 
versus Load Current 
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Figure 10. Output Voltage 
versus Frequency 
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Figure 11. Common Mode Rejection 
versus Frequency Over Temperature 
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Figure 12. Power Supply Rejection 
versus Frequency Over Temperature 
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Figure 13. Output Short Circuit Current 
versus Output Voltage 
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Figure 14. Output Short Circuit Current 
versus Temperature 
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Figure 15. Supply Current versus Supply 
Voltage with No Load 
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Figure 16. Normalized Slew Rate 
versus Temperature 
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Figure 17. Gain Bandwidth Product 
versus Temperature 
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Figure 18. Voltage Gain and Phase 
versus Frequency 
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Figure 19. Voltage Gain and Phase 
versus Frequency 
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Figure 20. Open-Loop Gain Margin 
versus Temperature 
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Figure 21. Phase Margin 
versus Temperature 
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Figure 22. Phase l\/largin and Gain l\/largin 
versus Differentiai Source Resistance 
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Figure 23. Open-Loop Gain Margin and Phase 
Margin versus Output Load Capacitance 
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Figure 24. Channei Separation 
versus Frequency 
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Figure 25. Total Harmonic Distortion 
versus Frequency 
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Figure 26. Output impedance 
versus Frequency 
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Figure 27. Input Referred Noise Voltage 
versus Frequency 
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Figure 28. Input Referred Noise Current 
versus Frequency 
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Figure 29. Percent Overshoot versus 
Load Capacitance 
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Figure 30. Noninverting Amplifier Slew Rate 
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Figure 31. Small Signal Transient Response 



Figure 32. Large Signal Transient Response 
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Figure 33. Telephone Line Interface Circuit 
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APPLICATION INFORMATION 



This unique device uses a boosted output stage to combine 
a high output current with a drain current lower than similar 
bipolar input op amps. Its 60° phase margin and 1 5 dB gain 
margin ensure stability with up to 1 000 pF of load capacitance 
(see Figure 23). The ability to drive a minimum 600 Q load 
makes it particularly suitable for telecom applications. Note 
that in the sample circuit In Figure 33 both A2 and A3 are 
driving equivalent loads of approximately 600 Q . 

The low input offset voltage and moderately high slew rate 
and gain bandwidth product make It attractive for a variety of 
other applications. For example, although It Is not single 
supply (the common mode Input range does not Include 
ground), it Is specified at +5.0 V with a typical common mode 
rejection, of 1 1 dB. This makes It an excellent choice for use 
with digital circuits. The high common mode rejection, which 
Is stable over temperature, coupled with a low noise figure and 
low distortion Is an Ideal op amp for audio circuits. 

The output stage of the op amp Is current limited and 
therefore has a certain amount of protection In the event of a 
short circuit. However, because of its high current output. It Is 
especially important not to allow the device to exceed the 
maximum junction temperature, particularly with the 
MC33179 (quad op amp). Shorting more than one amplifier 



could easily exceed the junction temperature to the extent of 
causing permanent damage. 



Stability 

As usual with most high frequency amplifiers, proper lead 
dress, component placement, and PC board layout should be 
exercised for optimum frequency performance. For example, 
long unshielded Input or output leads may result in unwanted 
Input/output coupling. In order to preserve the relatively 
low Input capacitance associated with these amplifiers, 
resistors connected to the Inputs should be Immediately 
adjacent to the Input pin to minimize additional stray Input 
capacitance. This not only minimizes the Input pole frequency 
for optimum frequency response, but also minimizes 
extraneous "pick up" at this node. Supplying decoupling with 
adequate capacitance Immediately adjacent to the supply pin 
Is also Important, particularly over temperature, since many 
types of decoupling capacitors exhibit great impedance 
changes over temperature. 

Additional stability problems can be caused by high load 
capacitances and/or a high source resistance. Simple 
compensation schemes can be used to alleviate these effects. 
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If a high source of resistance is used (R1 > 1.0 ki2), a 
compensation capacitor equal to or greater than the input 
capacitance of the op amp (1 pF) placed across the feedback 
resistor (see Figure 34) can be used to neutralize that pole and 
prevent outer loop oscillation. Since the closed loop transient 
response will be a function of that capacitance it is important 
to choose the optimum value for that capacitor. This can be 
determined by the following formula: 

(1 ) Cc = (1 +[R1/R2])2 . Cl (Z0/R2) 

where: Zq is the output impedance of the op amp. 



For moderately high capacitlve loads (500 pF < Cl < 
1 500 pF) the addition of a compensation resistor on the order 
of 20 Q between the output and the feedback loop will help to 
decrease miller loop oscillation (see Figure 35). For high 
capacitlve loads (Cl > 1 500 pF) a combined compensation 
scheme should be used (see Figure 36). Both the 
compensation resistor and the compensation capacitor affect 
the transient response and can be calculated for optimum 
performance. The value of Cc can be calculated using formula 
(1). The formula to calculate Re is as follows: 



(2) 



RC = Zo • R1/R2 



Figure 34. Compensation for 
Higli Source Impedance 



Figure 35. Compensation Circuit for 
Moderate Capacitve Loads 





tCl 



Figure 36. Compensation Circuit for 
High Capacitive Loads 
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Advance Information 

Voice Switched Spealcerphone 

witli l\/licroprocessor Interface 

The Motorola MC33218 Voice Switched Speakerphone Circuit incorporates 
the necessary amplifiers, attenuators, level detectors, and control algorithm to 
form the heart of a high quality, hands-free speakerphone system. Included are 
a microphone amplifier with mute, transmit and receive attenuators, a background 
monitoring system for both transmit and receive paths, and level detectors for 
each path. An AGC system reduces the receive gain on long lines where loop 
current and power are in short supply. A dial tone detector prevents loss of dial 
tone. 

Additionally, the MC33218 has a serial data port which allows microprocessor 
control of various functions such as volume control, mute, attenuator range selec- 
tion, and selection of receive, transmit, idle, or normal mode. The data port can 
be operated up to 1 .0 MHz. 

The MC3321 8 Is available in a 24 pin, narrow body DIP, and a wide body SOIC 
package. 

• Supply Voltage Range: 2.5 to 6.5 V 

© Attenuator Range: 52 dB or 26 dB (Selectable) 

• Background Noise Monitor for Each Path 

• Microphone Amplifier with Mute Function 

• 2 Point Signal Sensing 

• Microprocessor Port for 8-bit Serial Data Entry Controls: 

• Digital Volume Control (16 Steps) 

• Attenuator Range Selection (52 dB or 26 dB) 

• Mute Microphone Amplifier 

• Force to Receive, Transmit, Idle, or Normal Operating Mode 

• Chip Deselect Pin Powers Down Entire IC 



Simplified Block Diagram 
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Speaker 
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SPEAKERPHONE with 

IxPROCESSOR INTERFACE 




4^ 



P SUFFIX 

PLASTIC PACKAGE 
CASE 724 



DW SUFFIX 

PLASTIC PACKAGE 

CASE 751 E 

(SO-24L) 



PIN CONNECTIONS 


CP2|I 


1 ^24 


DVcc 


XD1 C 


2 23 


UTAO 


CPTC 


3 22 


U MCO 


TLIE 


4 21 


H MCI 


TLOC 


5 20 


H FOR 


VbE 


6 19 


DDR 


CtC 


7 18 


H DIN 


CDC 


8 17 


UCLK 


NCd 


9 16 


I] RXI 


CPRC 


10 15 


U RXO 


RLIC 


11 14 


D RAO 


RLOC 


12 13 


UGND 




(Top View) 





ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC33218DW 


- 40° to + 85°C 


SO-24L 


MC33218P 


Plastic DIP 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS 



Characteristic 


Symbol 


Min 


IMax 


Unit 


Supply Voltage 


vcc 


-0.5 


+7.0 


Vdc 


Maximum Junction Temperature 


Tj 


- 


+150 


°C 


Storage Temperature Range 


Tstg 


-65 


+150 


°C 



Devices should not be operated at or outside these values. The "Recommended Operating Limits" table 
provides for actual device operation. 

RECOMMENDED OPERATING LIMITS 



Characteristic 


Symbol 


iVIin 


Typ 


IVIax 


Unit 


Supply Voltage (Non-AGG Range) 
(AGO Range) 


vcc 


3.5 
2.5 


— 


6.5 
6.5 


Vdc 


Maximum Attenuator Input Signal 


Vin(max) 


- 


- 


350 


mVrms 


Clock and Data Rate (Serial Port) 


FOata 





- 


1.0 


MHz 


Operating Temperature Range 


Ta 


-40 


- 


+ 85 


°C 



ELECTRICAL CHARACTERISTICS ( Ta = 25''C, Vcc = 5.0 V, CD ^ 0.8 V, fcLK = 1 -0 MHz, unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


iVIax 


Unit 



POWER SUPPLY 



Supply Current (Enabled, CD = 0) 
Idle Mode 
Receive Mode 
Transmit Mode 


•cc 


3.0 


4.0 
5.0 
5.0 


6.0 


mA 


Supply Current (Disabled, CD = 1) 


'cc 


- 


50 


85 


HA 


CD Input Resistance 


RCD 


170 


250 


300 


kfl 


Vb Output Voltage (IvB = 0) 


Vb 


2.1 


2.2 


2.3 


Vdc 


Vb Output Resistance 


ROVB 


- 


300 


- 


W 



ATTENUATOR CONTROL 



Cj Voltage (Full Attenuation Range) 
RxMode 
Idle Mode 
Tx Mode 


Vct-Vb 


- 


+150 


-105 


- 


mV 


Cj Current 
Source (Switching to Rx Mode) 
Sink (Switching to Tx Mode) 
Idle 


ICTR 
'CTT 
'CTI 


-55 

65 

-3.0 


-40 
85 



-25 
115 
3.0 


^A 


Receive Dial Tone Detector Threshold 


Vdt 


-40 


-20 


-8.0 


mV 
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ELECTRICAL CHARACTERISTICS ( Ta = 25°C, Vcc = 5.0 V, CD < 0.8 V, fcLK = 1-0 MHz, unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



ATTENUATORS 



Receive Attenuator Gain (f = 1 .0 kHz) 










dB 


Full Volume, Full Attenuation Range 












Rx Mode 


Grx 


3.0 


6.0 


9.0 




Tx Mode 


Grxt 


-49 


-46 


-43 




Idle Mode 


Grxi 


-28 


-25 


-22 




Range (Rx to Tx Mode) 


AGrx 


49 


52 


55 




Full Volume, Half Attenuation Range 










dB 


RxMode 


Grx 


-10 


-7.0 


-4.0 




TxMode 


Grxt 


-37 


-34 


-31 




IdleMode 


Grxi 


-28 


-25 


-22 




Range (Rx to Tx Mode) 


AGrx 


23 


26 


29 




Volume Control Range (Rx Mode) 


Vqr 


31 


37 


41 


dB 


AGC Attenuation Range (Vqc = 3.5 to 2.7 V) 


Gagc 


- 


6.0 


- 


dB 


RAO Offset Voltage With Respect to Vb 


vrao 








mVdc 


(RxMode) 




— 


-10 


— 




(TxMode) 




— 





— 




Transmit Attenuator Gain (f = 1 .0 kHz) 










dB 


Full Attenuation Range 












Tx Mode 


gtx 


3.0 


6.0 


9.0 




Rx Mode 


Gtxr 


-49 


-46 


-43 




IdleMode 


Gtxi 


-19 


-16 


-13 




Range (Tx to Rx Mode) 


AGtx 


49 


52 


55 




Half Attenuation Range 












TxMode 


Gtx 


-9.0 


-6.0 


-3.0 




Rx Mode 


Gtxr 


-36 


-33 


-30 




IdleMode 


Gtxi 


-19 


-16 


-13 




Range (Tx to Rx Mode) 


AGtx 


23 


26 


29 




TAO Offset Voltage With Respect to Vb 


Vtao 








mVdc 


(Rx Mode) 




— 





— 




(TxMode) 




— 


-60 


— 




RAO, TAO 










Vdc 


High Voltage (Il = - 1.0 mA) 


Vtaoh 


3.7 


4.1 


— 




Low Voltage (II = +1 -0 mA) 


Vtaol 


Vb-1.0 


Vb-1.4 


Vb-3.0 





AMPLIFIERS — Microphone Amplifier 



Output Offset with Respect to Vb 


MCOvos 


- 





- 


mVdc 


Open Loop Gain (f< 100 Hz) 


AVOL 


- 


80 


- 


dB 


Gain Bandwidth 


GBW 


- 


0.8 


- 


MHz 


Output High Voltage (lout = - 1 -0 mA) 
Output Low Voltage (lout = +1 -0 mA) 


Vmcoh 
Vmcol 


3.7 



4.1 
140 


250 


Vdc 
mVdc 


Transmit Path Muting (A Gain) Pin 21 to Pin 23 
Microphone Amp (Rpdbk = 300 kQ), plus Transmit Attenuator in Rx Mode 


GMT 


80 


125 


— 


dB 



AMPLIFIERS — Receive Amplifier 



DC Voltage (Rx Mode) 


Vrxo 


- 


Vb 


- 


Vdc 


Output High Voltage (lout = - 1 -0 mA) 
Output Low Voltage (lout = +1 -0 mA) 


Vrxoh 
Vrxol 


3.7 


4.0 
100 


250 


Vdc 
mVdc 
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ELECTRICAL CHARACTERISTICS ( Ta = 25°C, Vqc = 5.0 V, CD < 0.8 V, fcLK = t-O MHz, unless otherwise noted.) 



Characteristic 



Symbol 



Min 



Typ 



Max 



Unit 



LEVEL DETECTORS AND BACKGROUND NOISE MONITORS 



Transmit/Receive Switching Threshold 


ITH 


0.8 


1.0 


1.2 


P-A/fiA 


CPR, CPT Output Resistance 


RCP 


- 


5.0 


- 


W 


CPR, CPT Leakage Current 


'CPLK 


- 


-0.1 


- 


^A 


Tx and Rx Level Detector 
Source Current 
Sink Current 


Ildoh 
'ldol 


I 


-2.6 
2.0 


; 


mA 

^A 



CLOCK AND DATA 



POR Input Resistance 


RPOR 


70 


115 


160 


kQ 


Data In/Clock Input Resistance 
(High) Vin = 5.0 V 
(Low) Vjn = 0.9 V 


RCLK 


35 
70 


55 
120 


85 
160 


kQ 


Data Ready Input Resistance 
(High) Vjn = 5.0 V 
(Low) Vjn = 0.9 V 


Rdr 


10 
25 


20 
45 


30 
65 


kfi 


Logic Input Threshold 


vth 


- 


1.5 


- 


V 



SYSTEM 



Rx Mode Distortion 


THDr 


— 


0.3 


3.0 


% 


Rx Amplifier and Attenuator 












(f = 1 .0 kHz, Vjn = 350 mVrms) 












Tx Mode Distortion 


THDj 


— 


0.3 


3.0 




Tx Attenuator and Microphone Amplifier 












(f=1.0kHz,Vin = 3.5mVrms) 













TEMPERATURE CHARACTERISTICS (Vcc = 5.0 V, CD < 0.8 V, fcLK = 1 -0 MHz, unless othenwise noted.) 



Parameter 


Typical 

Value 

@ - 40°C 


Typical 

Value 

@ + 25°C 


Typical 

Value 

@ +85°C 


Unit 


Vcc Supply Current 
Idle Mode (Enabled, CD = 0) 
All Modes (Disabled, CD = 1) 


4.7 
60 


4.2 
50 


3.7 
75 


mA 
^lA 


Vb 


2.1 


2.2 


2.3 


V 


Receive Attenuator Range (f = 1 .0 kHz) Full Volume 
Full Attenuation Range 
Half Attenuation Range 


52 
26 


52 
26 


53 
27 


dB 


Transmit Attenuator Range (f = 1 .0 kHz) 
Full Attenuation Range 
Half Attenuation Range 


52 
26 


52 
26 


53 
27 


dB 


Transmit Path Muting (A Gain, Pin 21 to 23) 
Microphone Amp (Rpdbk = 300 kl2), plus Transmit Attenuator in Rx Mode 


128 


127 


128 


dB 


Volume Control Range (Rx Mode) 


34 


36 


40 


dB 
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PIN FUNCTION DESCRIPTION 



Name 


Pin No. 


Description 


CP2 


1 


A capacitor at this pin stores a voltage representing the transmit background noise level. 


XDI 


2 


Input to the transmit background noise monitor. 


CPT 


3 


An RC sets the time constant for the transmit background noise monitor. 


TLI 


4 


Input to the transmit level detector. 


TLO 


5 


Output of the transmit level detector. 


Vb 


6 


A reference voltage, and analog ground for the amplifiers. 


ct 


7 


An RC sets the response time to switch among the various modes. 


CD 


8 


Chip deselect (Logic input). When low, the IC is active. When high, the entire IC is powered 
down and non-functional. 


NC 


9 


No internal connection. 


CPR 


10 


An RC sets the time constant for the receive background noise monitor. 


RLI 


11 


Input to the receive level detector. 


RLO 


12 


Output of the receive level detector. 


GND 


13 


Ground pin for the entire IC. 


RAO 


14 


Output of the receive attenuator. 


RXO 


15 


Output of the receive path input amplifier, and input of the receive attenuator. 


RXI 


16 


Inverting input of the receive path input amplifier. 


CLK 


17 


Serial Port Clock. 1 .0 MHz maximum, data is entered on clock's rising edge. 


D|N 


18 


Serial Port Data Input. Enter an 8-bit word, B7 first, BO last. 


DR 


19 


Serial Port Data Ready. Taking this line high latches new data in the registers. 


POR 


20 


Power On Reset. Upon power up and/or enabling, all bits are set to 0. 


MCI 


21 


Inverting input of the microphone amplifier. 


MCO 


22 


Output of the microphone amplifier, and input of the transmit attenuator. 


TAG 


23 


Output of the transmit attenuator. 


vcc 


24 


Power Supply pin. Operating range Is 2.5 V to 6.5 Vdc. 



Bits 


Code 


Function 


B7,B6 


00 
01 
10 

11 


Normal voice switched operation. 
Force to receive mode. 
Force to idle mode. 
Force to transmit mode. 


B5 




1 


Attenuator range is 52 dB. 
Attenuator range is 26 dB. 



Bits 


Code 


Function 


B4 




1 


Microphone amplifier is active. 
Microphone amplifier is mute. 


B3- 
BO* 


0000 

1111 


Maximum receive volume. 
Minimum receive volume. 



*Bit BO is the LSB for the volume control. 
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Figure 1. Serial Port Timing Diagram 
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NOTES: 1, Maximum clock and data rate is 1.0 MfHz. There is no required minimum rate. 

2. B7 is to be entered first, BO last. 

3. Data is entered on the clock rising edge. 

4. Clock can continue to toggle after BO is entered if Data Ready goes high before the clock's next rising edge. 

5. Clock-to-data setup and hold times, and minimum At1 to be determined. 

6. Upon power up, all bits are internally set to logic 0. 



Figure 2. Typical Application 
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Figure 3. Attenuator Gain versus VcT 
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Figure 4. Attenuator Gain versus Vqt 
(Half Attenuation Range) 
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Figure 5. Level Detector DC Transfer Characteristics 
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Figure 6. Level Detector AC Transfer Characteristics 
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Figure 7. Level Detector AC Transfer 
Characteristic versus Frequency 
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Figure 8. Receive Gain versus Volume Setting 
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Figure 9. Supply Current versus Supply Voltage 



Figure 10. CD Input Characteristics 
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Figure 11. Vb Output Characteristics 



Figure 12. Typical Output Swing versus Vqc 
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Figure 13. Vb Power Supply Rejection 
versus Frequency 
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Figure 14. Data Ready, Data In, and 
Clock Input Characteristics 











/ 








/ 


y 






Data Ready 


y 






y 


/^ 






^ 






Clock, 
Data input 





1.0 



2.0 



3.0 



4.0 



5.0 



Vjn, INPUT VOLTAGE (V) 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC33218 
2-309 



Figure 15. Receive Attenuator Gain versus Vqc 
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APPLICATIONS INFORMATION 



Introduction 

The MC33218 provides the necessary circuitry to perform 
a voice switched, half duplex, speakerphone function. The 
half duplex function is necessary to prevent oscillation 
resulting from the high gain and acoustic coupling. It includes 
transmit and receive attenuators, preamps, level detectors, 
and background noise monitors. An attenuator control circuit 
automatically adjusts the gain of the transmit and receive 
attenuators based on the microprocessor inputs and/or the 
relative strengths of the voice signals present. 

Power Supply, Vb, and Chip Disable 

The power supply voltage at Pin 24 is to be between 3.5 
and 6.5 V for normal operation, with reduced operation 
possible down to 2.5 V (see AGO section). 

The output voltage at Vb (Pin 6) is approximately equal 
to (Vcc - 0.7)/2, and provides the AC ground for the system. 
The output impedance at Vb is approximately 300 Q (see 
Figure 9), and In conjunction with the external capacitor at 
Vb, forms a low pass filter for power supply rejection. The 
choice of Vb capacitor is application dependent based on 
whether the circuit is powered by the telephone line or a 
power supply. 

The Chip Disable (Pin 8) permits powering down the IC 
for power consen/ation. With CD between and 0.8 V, normal 
operation is in effect. With CD between 2.0 V and Vcc. the 
IC is powered down. When the IC is re-enabled, the 
speakerphone should return to normal mode (bits BO - B7 
equal to 0). 

Transmit and Receive Attenuators 

The transmit and receive attenuator sections are 
complementary, performing a log-antilog function. When one 
is at maximum gain, the other is at maximum attenuation; 
they are never both fully on or fully off. Both attenuators are 
controlled by a single output from the attenuator control which 
ensures the sum of their gains will remain constant at a 
typical value of -40 dB. Their purpose is to provide the 
half-duplex operation required in a speakerphone. They are 
identical, and consist of a pre-amp, an input clamp, an 
attenuator, and a current to voltage converter. An internal 
control voltage determines the gain of each attenuator. 

The inputs to the attenuators should not exceed 
400 mVrms to prevent distortion. 



Attenuator Control Section 

There are five inputs to the attenuator control section: one 
each from the transmit/receive level comparator, dial tone 
detector, control logic block and transmit and receive 
background noise monitors. A single output sets the gain of 
both the transmit and receive attenuators. 

A DC feedback loop samples the output current of the 
attenuator that is at full gain and compares it to a reference 
current. The resultant error current then drives an external 
resistor and capacitor at the Cj pin which corrects the control 
voltage, maintaining the desired attenuator gain. The 
external RC on the Cj pin determines the response time of 
the speakerphone. 

Background Noise Monitors 

The purpose of background noise monitors is to 
distinguish speech (which consists of bursts) from 
background noise (a relatively constant level). There are two 
background noise monitors — one for the receive path and 
one for the transmit path. Each is operated on by a level 
detector, which provides a DC voltage representative of the 
noise level. The voltages at the CPT and CPR pins have 
slow rise times (determined by an external RC), but fast 
decay times. When speech is present, the voltage on the 
non-inverting input of an internal comparator will rise faster 
than the voltage at the inverting input (due to the burst 
characteristic of speech), causing its output to change. This 
output is sensed by the Attenuator Control Block. The time 
constant of the external RCs (Pins 3 and 10) determine the 
response time to background noise variations. 

Dial Tone Detector 

Since the dial tone is considered continuous noise, the 
background noise monitor would tend to force the attenuators 
back to Idle mode. The dial tone detector prevents the IC 
from changing to idle mode, thus preventing the dial tone 
from fading away, The dial tone detector is a comparator with 
one side connected to the input of the receive attenuator and 
the other input connected to Vb with a 1 5 mV offset. If the 
circuit is in the receive mode and the incoming signal is 
greater than 15 mV, the comparator's output will change, 
disabling the receive idle mode. The receive attenuator gain 
will then be determined solely by the volume control. 
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AGO 

In the receive mode, the AGC circuit decreases the gain 
of the receive attenuator when the supply voltage at Vqc ^^'Is 
below 3.5 V to prevent the speaker from clipping or distorting. 
The purpose of this feature is to reduce the power (and 
current) used by the speaker when a line-powered 
speakerphone is connected to a long telephone line, where 
the available power is limited. Reducing the speaker power 
controls the voltage sag at VCC and prevents clipping and 
distortion on the speaker output. 

Microprocessor Control 

The data register and decode logic are used to interface 
the data from the serial port to the required internal circuitry. 
This enables microprocessor control of the following functions: 

Volume Control (16 levels) 

Microphone Mute 

Attenuator Range (52 dB or 26 dB) 

Mode Select: Normal, Transmit, Receive, Idle 

The logic inputs should not exceed VCQ, and they should 
never be allowed to go below ground. The maximum clock 
frequency is 1.0 MHz. 

On power up, the internal registers are reset to all zeros 
(normal mode). An internal capacitor on the Power-on-Reset 
pin prevents the registers from accepting data Input before 
the supply voltage has stabilized. 

Volume Control 

The volume control enables the receive attenuator gain 
to be increased or decreased in 16 equal 2.5 dB steps, 
independent of temperature, by microprocessor control. 
On power up, the volume control will be reset to 
maximum (bits B3 - BO will be 0000). Bit BO is the least 
significant bit (LSB), and bit B3 is the most significant bit 
(MSB). The transmit attenuator gain will be varied in a 
complementary manner. 

Microphone Amplifier Mute 

When activated by the microprocessor by pulling bit B4 
high, it reduces the gain of the amplifier by approximately 
- 75 dB. For additional muting, force the Mode Select (bits 
B6 and B7) to receive during mute. This will ensure the 
transmit attenuator is at 46 dB of attenuation (in full 
range) and will provide a combined attenuation of 120 dB 
in the transmit path. 

Attenuator Range Selection 

Bit B5, the Attenuator Range Selector, provides a 
choice of 52 dB attenuation range (- 46 dB to + 6.0 dB, 
nominally) or 26 dB range (- 32 db to - 6.0 dB). At half 
attenuation, the volume control range will be reduced to 
approximately 26 dB (see Figure 6). 



Mode 

The MC33218 can be forced to transmit, receive, or 
idle mode by microprocessor input by using bits B7 and 

B6.Theattenuatorswillbelnthetransmitmodefora(VcT-VB) 
of - 105 mV and the receive mode for a (Vqt-Vb) of + 150 
mV. At idle mode, (Vct-VB) 's approximately zero. The 
mode selection provides manual or remote control for testing, 
to overcome noise on the line, or to increase the transmit 
path attenuation during mute. 

RFI Interference 

Potential radio frequency interference (RFI) problems 
should be addressed early In the electrical and mechanical 
design of the speakerphone. RFI may enter the circuit 
through Tip and Ring, through the microphone wiring to the 
microphone amplifier, or through any of the PC board traces. 
The most sensitive pins on the MC33218 are the inputs to 
the level detectors (RLI, TLI) since, when there is no speech 
present, the inputs are high impedance and these op amps 
are in a near open loop condition. The board traces to these 
pins should be kept short, and the resistor and capacitor for 
each of these pins should be physically close to the pins. 
Any other high impedance input pin should also be 
considered sensitive to RFI signals. 

In the Final Analysis 

Proper operation of a speakerphone is a combination of 
proper mechanical (acoustic) design as well as proper 
electronic design. The acoustics of the enclosure must be 
considered early in the design of a speakerphone. In general, 
electronics cannot compensate for poor acoustics, low 
speaker quality, or any combination of the two. Proper 
acoustic separation of the speaker and microphone is 
essential. The physical location of the microphone, along with 
the characteristics of the selected microphone, will play a 
large role in the quality of the transmitted sound. The 
microphone and speaker vendors can usually provide 
additional information on the use of their products. 

In the final analysis, the circuit shown in this data sheet 
will have to be fine tuned to match the acoustics of the 
enclosure, the specific hybrid, and the specific speaker and 
microphone selected. The components shown In this data 
sheet should be considered as starting points only. The 
gains of the transmit and receive paths are easily adjusted 
at the microphone and speaker amplifiers, respectively. The 
switching response can then be fine tuned by varying (in 
small steps) the components at the level detector inputs 
until satisfactory operation is obtained for both long and 
short lines. 

For additional information on speakerphone design, 
please refer to the data sheet for the MC34118 
Speakerphone IC. 



GLOSSARY 



AGC - Automatic gain control. In the speakerphone, the gain 
of the attenuators is reduced as the supply voltage 
decreases to prevent clipping or distortion on the output. 
Attenuation - A decrease in magnitude of a communication 
signal, usually expressed in dB. 

Bandwidth - The range of information carrying frequencies 
of a communication system. 



C-Message Filter - A frequency weighting which 

evaluates the effects of noise on a typical subscriber's 

system. 

Channel Separation -The ability of one circuit to reject 

outputting signals which are being processed by another 

circuit. Also referred to as crosstall<, it is usually expressed 

in dB. 
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dB -A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 
10 X log (P1/P2) for power measurements, and 
20 X log (V1A/2) for voltage measurements. 
dBm -An indication of signal power. 1.0 mW across 600 
Q, or 0.775 Vrms, is typically defined as dBm for telecom 
applications. Any voltage level is converted to dBm by: 
dBm = 20 X log (Vrms/0.775), or 
dBm = [20 X log (Vrms)] + 2.22. 

dBmp - Indicates dBm measurement using a psophometric 
weighting filter. 

dBrn - Indicates a dBm measurement relative to 1.0 pW 
power level into 600 Q. Generally used for noise 
measurements, dBrn = -90 dBm. 

dBrnC - Indicates a dBrn measurement using a C-message 
weighting filter. 

DTMF - Dual Tone Multi Frequency. It is the "tone dialing" 
system based on outputting two non-harmonic related 
frequencies simultaneously to identify the number dialed. 
Eight frequencies have been assigned to the four rows and 
four columns of a typical keypad. 

Four-Wire Circuit - The portion of a telephone or central 
office, which operates on two pairs of wires. One pair is for 
the Transmit path (generally from the microphone), and one 
pair is for the Receive path (generally from the receiver). 
Full-Duplex - A transmission system which permits 
communication in both directions simultaneously. The 
standard handset telephone is full-duplex. 
Gain - The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive 
number, and a decrease is a negative number. 

Half-Duplex - A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speakerphones, 
are half-duplex. 

Hookswitch - A switch which connects the telephone circuit 
to the subscriber loop. The name derives from old telephones 
where the switch was activated by lifting the receiver off and 
onto a hook on the side of the phone. 
Hybrid - Another name for a two-to-four wire converter. 
Line Length Compensation -Also referred to as loop 
compensation, it involves changing the gain of the 
transmit and receive paths, within a telephone, to 
compensate for different signal levels at the end of 
different line lengths. A short line (close to the CO) will 
attenuate signals less, and therefore less gain is needed. 
Compensation circuits generally use the loop current as 
an indication of the line length. 

Loop - The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the 
central office (or PBX) at the other end. Generally it is a 
floating system, not referred to ground or AC power. 
Loop Current -The DC current which flows through the 
subscriber loop. It is typically provided by the central office 
or PBX, and ranges from 20 to 120 mA. 



Off-Hook - The condition when the telephone is connected 

to the phone system, permitting the loop current to flow. The 

central office detects the DC current as an indication that the 

phone is busy. 

On-Hook - The condition when the telephone is 

disconnected from the phone system, and no DC loop current 

flows. The central office regards an on-hook phone as 

available for ringing. 

Power Supply Rejection Ratio - The ability of a circuit to 

reject outputting noise, or ripple, which is present on the 

power supply lines. PSRR is usually expressed in dB. 

Pulse Dialing - A dialing system whereby the loop current 

is interrupted a number of times in quick succession. The 

number of interruptions corresponds to the number dialed, 

and the interruption rate is typically 1 times per second. The 

old rotary phones, and many new pushbutton phones, use 

pulse dialing. 

Receive Path - Within the telephone. It is the speech path 

from the phone line to the earpiece. 

Ring - One of the two wires connecting the central office 

to a telephone. The name derives from the ring portion of 

the plugs used by operators (in older equipment) to make 

the connection. Ring is traditionally negative with respect to 

Tip. 

Sidetone - The sound fed back to the receiver as a result 

of speaking into the microphone. It is a natural consequence 

of the 2-to-4 wire conversion system. Sidetone was 

recognized by Alexander Graham Bell as necessary for a 

person to be able to speak properly while using a handset. 

Signal to Noise Ratio - The ratio of the desired signal to 

unwanted signals (noise) within a defined frequency range. 

The larger the number, the better. 

Speech Network -A circuit which provides 2-to-4 wire 

conversion, i.e. connects the microphone and receiver (or 

the transmit and receive paths) to the Tip and Ring phone 

lines. Additionally, it provides sidetone control, and in many 

cases, the DC loop current interface. 

Tip - One of the two wires connecting the central office to 

a telephone. The name derives from the tip of the plugs used 

by operators (in older equipment) to make the connection. 

Tip is traditionally positive with respect to Ring. 

Transmit Path - Within the telephone, it is the speech path 
from the microphone to the phone line. 
Two-to-Four Wire Converter -A circuit which has four wires 
(on one side); two (signal and ground) for the outgoing signal, 
and two for the incoming signal. The outgoing signal is sent 
out differentially on the two-wire side (the other side), and 
incoming differential signals received on the two-wire side 
are directed to the four-wire side. Additional circuitry within 
cancels the reflected outgoing signal to keep it separate from 
the incoming signal. 

Voiceband - That portion of the audio frequency range used 
for transmission across the telephone system. Typically, it 
is 300 to 3400 Hz. 
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Advance Information 



ELECTRONIC TELEPHONE CIRCUIT 

• Provides All Basic Telephone Station Apparatus Functions in a 
Single IC, Including DTMF Dialer, Tone Ringer, Speech Network 
and Line Voltage Regulator 

• DTMF Generator Uses Low-Cost Ceramic Resonator with Accu- 
rate Frequency Synthesis Technique 

• Tone Ringer Drives Piezoelectric Transducer and Satisfies EIA 
RS-470 Impedance Signature Requirements 

• Speech Network Provides Two-Four Wire Conversion with 
Adjustable Sidetone Utilizing an Electret Transmitter 

• On-Chip Regulator Insures Stable Operation Over Wide Range 
of Loop Lengths 

• |2l Technology Provides Low 1 .4 Volt Operation and High Static 
Discharge Immunity 

• Microprocessor Interface Port for Automatic Dialing Features 



ELECTRONIC 

TELEPHONE 

CIRCUIT 

BIPOLAR LINEAR/I^L 




P SUFFIX 

PLASTIC PACKAGE 

CASE 711 



FIGURE 1 — ELEMENTS OF THE ELECTRONIC TELEPHONE 
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This document contains information on a new product. Specifications and information herein 
are subject to change without notice. 
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MAXIMUM RATINGS (Voltage References to V-) 



Parameter 


Value 


Unit 


V+ Terminal Voltage (Pin 34) 


+ 20, -1.0 


V 


VR Terminal Voltage (Pin 29) 


4-2.0, -1.0 


V 


RXO Terminal Voltage (Pin 27) 


+ 2.0, -1.0 


V 


TRS Terminal Voltage (Pin 37) 


+ 35, -1.0 


V 


TRO (With Tone Ringer Inactive) Terminal Voltage 


+ 2.0, -1.0 


V 


R1-R4 Terminal Current (Pins 1-4) 
C1-C4 (Pins 5-8) 


±100 


mA 


CL,TO, DD, l/0,A + 


+ 122, -1.0 


V 


Operating Ambient Temperature Range 


-20 to +60 


°C 


Storage Temperature Range 


-65 to +150 


°C 



PIN CONNECTIONS 



GENERAL CIRCUIT DESCRIPTION 

Introduction 

The IVIC34010 Electronic Telephone Circuit (ETC) 
provide all the necessary elements of a tone dialing 
telephone in a single IC. The functional blocks of the 
ETC include the DTMF dialer, speech network, tone 
ringer, and dc line interface circuit (Figure 1). The 
MC34010 also provides a microprocessor interface 
port that facilitates automatic dialing features. 

Low voltage operation is a necessity for telephones 
in networks where parallel telephone connections are 
common. An electronic speech network operating in 
parallel with a conventional telephone may receive line 
voltages below 2.5 volts. DTMF dialers operate at sim- 
ilarly low-line voltages when signaling through battery 
powered station carrier equipment. These low voltage 
requirements have been addressed by realizing the 
MC34010 in a bipolar/|2L technology with appropriate 
circuit techniques. The resulting speech and dialer cir- 
cuits maintain specified performance with instanta- 
neous input voltage as low as 1.4 volts. 

Line Voltage Regulator 

The dc line interface circuit (Figure 3) determines the 
dc input characteristic of the telephone. At low input 
voltages (less than 3 volts) the ETC draws only the 



FIGURE 3 — DC LINE INTERFACE BLOCK DIAGRAM 
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FIGURE 2 — MPU INTERFACE CODES 
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5 


2 
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6 
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8 


3 


2 
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9 


3 


3 
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GENERAL CIRCUIT DESCRIPTION (continued) 

speech and dialer bias currents through the VR regu- 
lator. As input voltage increases, Q1 conducts the 
excess dc line current through resistor R4. The 1.5 volt 
level shift prevents saturation of Q2 with telephone line 
signals up to 2.0 volts peak ( + 5.2 dBm). A constant 
current (dummy load) is switched off when the DTMF 
dialer is activated to reduce line current transients. Fig- 
ure 4 illustrates the dc voltage/current characteristic of 
an MC34010 telephone. 



FIGURE 4 — DC V-l CHARACTERISTIC OF THE ETC 
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Speech Network 

The speech network (Figure 5) provides the two-to- 
four wire interface between the telephone line and the 
instrument's transmitter and receiver. An electret mi- 
crophone biased from VR drives the transmit amplifier. 
For very loud talkers, the peak limiter circuit reduces 
the transmit input level to maintain low distortion. The 
transmit amplifier output signal is inverted at the STA 
terminal and driven through an external R-C network to 
control the receiver sidetone level. The switched ac re- 
sistance at the RM terminal reduces receiver signal 
when dialing and suppresses clicks due to hook or key- 
pad switch transitions. When transmitting, audio signal 
currents (ijxo 3"^ iRXO) ^'ow through the voltage reg- 
ulator pass transistor (T1) to drive the telephone line. 
This feature has two consequences: 1) In the transmit- 
ting mode the receiver sidetone current IrxO contrib- 
utes to the total signal on the line along with ijXO' 
2) The ac impedance of the telephone is determined by 
the receiver impedance and the voltage gain from the 
line to the receiver amplifier output. 

DTMF Dialer 

Keypad interface comparators activate the DTMF row 
and column tone generators (Figure 6) when a row and 
column Input are connected through a SPST keypad. 
The keypad interface is designed to function with con- 
tact resistances up to 1.0 kO and leakage resistances as 
low as 150 kft. Single tones may be initiated by de- 
pressing two keys in the same row or column. 



FIGURE 5 — SPEECH NETWORK BLOCK DIAGRAM 
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The programmable counters employ a novel design 
to produce non-integer frequency ratios. The various 
DTMF tones are synthesized with frequency division 
errors less than ±0.16% (Table 1). Consequently an in- 
expensive ceramic resonator can be used instead of a 
quartz crystal as the DTMF frequency reference. Total 



frequency error less than ±0.8% can be achieved with 
±0.3% ceramic resonator. The row and column D/A 
converters produce 16-step approximations of sinu- 
soidal waveforms. Feedback through terminal FB re- 
duces the DTMF output impedance to approximately 
2.0 kn to satisfy return loss specifications. 



FIGURE 6 — DTMF DIALER BLOCK DIAGRAM 
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Tone Ringer 

The tone ringer (Figure 7) generates a warbling 
square wave output drive to a piezo sound element 
when the ac line voltage exceeds a predetermined 
threshold level. The threshold detector uses a current 
mode comparator to prevent on/off chatter when the 
output current reduces the voltage available at the 
ringer input. When the average current into the tone 
ringer exceeds the threshold level, the ringer output 
TRO commences driving the piezo transducer. This out- 
put current sourced from TRI increases the average cur- 
rent measured by the threshold detector. As a result, 
hysteresis is produced beween the tone ringer on and 
off thresholds. The output frequency at TRO alternates 
between fo/8 and fg/IO at a warble rate of fo/640, where 
fo is the ringer oscillator frequency. 

Microprocessor Interface 

The MRU interface connects the keypad and DTMF 
sections of the ETC to a microprocessor for storing and 
retrieving numbers to be dialed. Figure 8 shows the 
major blocks of the MRU interface section and the in- 
terconnections between the keypad Interface, DTMF 
generator and microprocessor. Each button of a 12 or 
16 number keypad is represented by a four-bit code 
(Figure 2). This four-bit code is used to load the pro- 
grammable counters to generate the appropriate row 
and column tones. The code is transferred serially to or 
from the microprocessor when the shift register is 
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clocked by the microprocessor. Data is transferred 
through the I/O terminal, and the direction of data flow 
is determined by the Data Direction (DD) input terminal. 
In the manual dialing mode, DD is a Logic "0" and the 
four-bit code from the keypad is fed to the DTMF gen- 
erator by the digital multiplexer and also output on the 
I/O terminal through the four-bit shift register. The data 
sequence on the I/O terminal is B3, B2, B1, BO and is 
transferred on the negative edge of the clock input (CL). 
In this mode the shift register load enable circuit cycles 
the register between the load and read modes such that 
multiple read cycles may be run for a single-key closure. 
Six complete clock cycles are required to output data 
from the ETC and reload the register for a second look. 

In the automatic dialing mode, DD is a Logic "1" and 
the four-bit code is serially entered in the sequence B3, 
B2, B1, BO into the four-bit shift register. Thus, only four 
clock cycles are required to transfer a number into the 
ETC. The keypad is disabled in this mode. A Logic "^" 
on the Tone Output (TO) will disable tone outputs until 
valid data from the microprocessor is in place. Subse- 
quently TO is switched to a Logic "0" to enable the 
DTMF generator. Figures 9 and 10 show the timing wav- 
eforms for the manual and automatic dialing modes 
and Table 2 specifies timing limitations. 

The keypad decoder's exclusive OR circuit generates 
the DP and MS output signals. The DP output indicates 
(when at a Logic "1") that one, and only one, key is 
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depressed, thereby indicating valid data is available to 
the MPU. The DP output can additionally be used to 
initiate a data transfer sequence to the microprocessor. 
The MS output (when at a Logic "1 ") indicates the DTIVIF 
generator is enabled and the speech network is muted. 
Pin A+ is to be connected to a source of 2.5 to 10 
volts (generally from the microprocessor circuit) to en- 
able the pullup circuits on the microprocessor interface 
outputs (DP, MS, I/O). Additionally, this voltage will 



power the entire circuitry (except Tone Ringer) in the 
absence of voltage at V + . This permits use of the trans- 
mit and receive amplifiers, keypad interface, and DTMF 
generator for non-typical telephone functions. 

See Figure 45 for a typical interconnection to an 
MC6821 PIA (Peripheral Interface Adapter). Connection 
to a port on any other class of microprocessor will be 
similar. 



FIGURE 7 — TONE RINGER BLOCK DIAGRAM 
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FIGURE 8 — MICROPROCESSOR INTERFACE BLOCK DIAGRAM 
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FIGURE 9 — OUTPUT DATA CYCLE 
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FIGURE 10 — INPUT DATA CYCLE 
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TABLE 1 — FREQUENCY SYNTHESIZER ERRORS 


DTMF 

Standard 

(Hz) 


Tone Output 

Frequency with 

500 kHz Oscillator 


% Deviation 
from Standard 


Row 1 
Row 2 
Row 3 
Row 4 

Column 1 
Column 2 
Column 3 
Column 4 


697 
770 
852 
941 

1209 
1336 
1477 
1633 


696.4 
769.2 
853.2 
939.8 

1207.7 
1336.9 
1479.3 
1634.0 


-0.086 
-0.104 
+ 0.141 
-0.128 

-0.108 
+ 0.067 
+ 0.156 
+ 0.061 



TABLE 2 — TIMING LIMITATIONS 



Symbol 


Parameter 


Min 


Typ 


Max 


Unit 


Ref 


fCL 


Clock Frequency 





20 


30 


kHz 




tH 


Clock High Time 


15 


— 


— 


/AS 


Figs. 
9,10 


tL 


Clock Low Time 


15 


— 


— 


/Lis 


Figs. 
9,10 


tptf 


Clock Rise, Fall Time 


— 


— 


2.0 


/is 




tDV 


Clock Transition to 
Data Valid 


— 


— 


10 


/IS 


Fig. 9 


tDPCL 


Time from DP High 
to CL Low 


20 


— 


— 


\XS 


Fig. 9 


tDDCL 


Timejrom DD High 
to CL Low 


20 


— 


— 


/ts 


Fig. 10 


tDS 


Data Setup Time 


10 


— 


— 


/ts 


Fig. 10 


tDH 


Data Hold Time 


10 


— 


— 


/LIS 


Fig. 10 


tCLTO 


Time from CL Low 
to TO Low 


10 


— 


— 


/IS 


Fig. 10 


tTODD 


Time from TO High 
to DD High 


20 


— 


— 


/ts 


Fig. 10 
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PIN DESCRIPTION 

(See Figure 45 for external component Identifications.) 



PIN 
(PLCC) 


PIN 
(DIP) 


Designation 


Function 


1-4 


1-4 


R1-R4 


Keypad inputs for Rows 1 through 4. When open, internal 8.0 kCl resistors pull up the row inputs 
to a regulated (=0.5 volt) supply. In normal operation, a row and a column input are connected 
through a SPST switch by the telephone keypad. Row inputs can also be activated by a Logic 
"0" (<250 mV) from a microprocessor port. 


7-10 


5-8 


C1-C4 


Keypad inputs for Columns 1 through 4. When open, internal 8.0 kft resistors pull down the 
column inputs to V-. In normal operation, connecting any column input to any row input 
produces the respective row and column DTMF tones. In addition to being connected to a row 
input, column inputs can be activated by a Logic "1" (>250 mV and <1.0 volt). 


11 


9 


DP 


Depressed Pushbutton (Output), — Normally low; A Logic "1" indicates one and only one, button 
of the DTMF keypad is depressed. 


12 


10 


TO 


Tone Output (Input) — When a Logic "1 ," disables the DTMF generator. Keypad is not disabled. 


13 


11 


MS 


Mute/Single Tone (Output) — A Logic "1" indicates the tone generator is enabled. A Logic "0" 
indicates tone generator is disabled. 


14 


12 


A + 


MPU Power Supply (Input) — Enables pullups on the microprocessor section outputs. 
Additionally, this voltage will power the entire circuit (except Tone Ringer) in the absence of 
voltage at V + . 


15 


13 


I/O 


Input/Output — Serial Input or Output data (determined by DD input) to or from the 
microprocessor for storing or retrieving telephone numbers. Guaranteed to be a Logic "1" on 
powerup if DD = Logic "0." 


16 


14 


DD 


Data Direction (Input) — Determines direction of data flow through I/O pin. As a Logic "1," I/O 
is an input to the DTMF generator. As a Logic "0," I/O outputs keypad entries to the 
microprocessor. 


17 


15 


CL 


Clock (Input) — Serially shifts data in or out of I/O pin. Data is transferred on negative edge 
typically at 20 kHz. 


18,19 


16,17 


CR1,CR2 


Ceramic Resonator oscillator input and feedback terminals, respectively. The DTMF dialer is 
intended to operate with a 500 kHz ceramic resonator from which row and column tones are 
synthesized. 


31 


28 


GAL 


Amplitude CALibration terminal for DTMF dialer. Resistor R14 from the CAL pin to V- controls 
the DTMF output signal level at Tip and Ring. 


38 


35 


FB 


FeedBack terminal for DTMF output. Capacitor C14 connected from FB to V+ provides ac 
feedback to reduce the output impedance to Tip and Ring when tone dialing. 


32 


29 


VR 


Voltage Regulator output terminal. VR is the output of a 1 .1 volt voltage regulator which supplies 
power to the speech network amplifiers and DTMF generator during signaling. To improve 
regulator efficiency at low line current conditions, an external PNP pass-transistor T1 is used in 
the regulator circuit. Capacitor C9 frequency compensates the VR regulator to prevent oscillation. 


36 


33 


BP 


Base of a PNP Pass-transistor. Under long-loop conditions where low line voltages would cause 
VR to fall below 1.1 volts, BP drives the PNP transistor T1 into saturation, thereby minimizing 
the voltage drop across the pass transistor. At line voltages which maintain VR above 1.1 volts, 
BP biases T1 in the linear region thereby regulating the VR voltage. Transistor T1 also couples 
the ac speech signals from the transmit amplifier to Tip and Ring at V+. 


37 


34 


V + 


The more positive input to the regulator, speech, and DTMF sections connected to Tip and Ring 
through the polarity guard diode bridge. 


33 


30 


V- 


The dc common (more negative input) connected to Tip and Ring through the polarity guard 
bridge. 


35 


32 


LR 


DC Load Resistor. Resistor R4 from LR to V- determines the dc input resistance at Tip and Ring. 
This resistor is external not only to enable programming the dc resistance but also to avoid 
high on-chip power dissipation with short telephone lines. It acts as a shunt load conducting 
the excess dc line current. At low line voltages (<3.0 volts), no current flows through LR. 


34 


31 


LC 


DC Load Capacitor. Capacitor C11 from LC to V- forms a low-pass filter which prevents the 
resistor at LR from loading ac speech and DTMF signals. 


22 


20 


MIC 


Microphone negative supply terminal. The dc current from the electret microphone is returned 
to V- through the MIC terminal which is connected to the collector of an on-chip NPN transistor. 
The base of this transistor is controlled either internally by the mute signal from the DTMF 
generator, or externally by the logic input pin MM. 



(continued) 
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PIN DESCRIPTION (continued) 



PIN 
(PLCC) 


PIN 
(DIP) 


Designation 


Function 


20 


18 


MM 


Microphone Mute. The MM pin provides a means to mute the microphone in response to a 
digital control signal. When this pin is connected to a Logic "^" (>2.0 V) the microphone dc 
return path through the MIC terminal is disabled. 


25 


22 


TXI 


Transmit amplifier Input. TXI is the input to the transmit amplifier from an electret microphone. 
AC coupling capacitors allow the dc offset at TXI to be maintained approximately 0.6 V above 
V- by feedback through resistor R11 from TXO. 


24 


21 


TXL 


Transmit Input Limiter. An internal variable resistance element at the TXL terminal controls the 
transmitter input level to prevent clipping with high signal levels. Coupling capacitors C4 and 
C5 prevent dc current flow through TXL. The dynamic range of the transmit peak limiter is 
controlled by resistors R12 and R13. 


26 


23 


TXO 


Transmit Amplifier Output. The transmit amplifier output drives ac current through the voltage 
regulator pass-transistor T1 via resistor RIO. The dc bias voltage at TXO is typically 0.6 volts 
above V-. The transmit amplifier gain is controlled by the R11/(R12 + R13) ratio. 


21 


19 


AGO 


Automatic Gain Control low-pass filter terminal. Capacitor C3 connected between AGC and VR 
sets the attack and decay time of the transmit limiter circuit. This capacitor also aids in reducing 
clicks in the receiver due to hook-switch transients and DTMF on/off transients. In conjunction 
with internal resistors, C3 (1.0 fiF) forms a timer which mutes the receiver amplifier for 
approximately 20 milliseconds after the user goes off-hook or releases a DTMF Key. 


30 


27 


RXO 


Receiver Amplifier Output. This terminal is connected to the open-collector NPN output transistor 
of the receiver amplifier. DC bias current for the output device is sourced through the receiver 
from VR. The bias voltage at RXO is typically 0.6 volts above the V-. Capacitor CIO from RXO 
to VR provides frequency compensation for the receiver amplifier. 


29 


26 


RXI 


Receiver Amplifier Input. RXI is the input terminal of the receiver amplifier which is driven by 
ac signals from V+ and STA. Input coupling capacitor C8 allows RXI to be biased approximately 
0.6 volts above the V- via feedback resistor R6. 


28 


25 


RM 


Receiver Amplifier Mute. A switched resistance at the RM terminal attenuates the receiver 
amplifier input signal produced by DTMF dialing tones at V -I- . RM also mutes clicks at the receiver 
which result from keypad or hook switch transitions. The ac resistance at RM is typically 540 fl 
in the mute mode and 200 kH otherwise. Coupling capacitors C7 and C8 prevent dc current flow 
through RM. 


27 


24 


STA 


SideTone Amplifier output. STA is the output of the sidetone inverter amplifier whose input is 
driven by the transmit signal at TXO. The inverted transmit signal from STA subtracts from the 
receiver amplifier input current from V + , thus reducing the receiver sidetone level. Since the 
transmitted signal at V+ is phase shifted with respect to TXO by the reactive impedance of the 
phone line, the signal from STA must be similarly phase-shifted in order to provide adequate 
sidetone reduction. This phase relationship between the transmit signal at TXO and the sidetone 
cancellation signal from STA is controlled by R8, R9, and C6. 


41 


37 


TRS 


Tone Ringer Input Sense. TRS is the most positive input terminal of the tone ringer and the 
reference for the threshold detector. 


42 


38 


TRI 


Tone Ringer Input terminal. TRI is the positive supply voltage terminal for tone ringer circuitry. 
Current is supplied to TRI through resistor R2. When the average voltage across R2 exceeds an 
internal reference voltage (typically 1.6 volts) the tone ringer output is enabled. 


44 


40 


TRF 


Tone Ringer Input Filter capacitor terminal. Capacitor CI 6 connected from TRF to TRS forms a 
low-pass filter. This filter averages the signal across resistor R2 and presents this dc voltage to 
the input of the threshold detector. Line voltage transients are rejected if the duration is 
insufficient to charge CI 6 to 1.6 volts. 


40 


36 


TRC 


Tone Ringer oscillator Capacitor and resistor terminal. The relaxation oscillator frequency fg is 
set by resistor R3 and capacitor C13 connected from TRC to V-. Typically, fo = (R3C13 + 8.0 
Ats)-!. 


43 


39 


TRO 


Tone Ringer Output terminal. The frequency of the square wave output signal at TRO alternates 
from fo/8 to fg/IO at a warble rate of fo/640. Typical output frequencies are 1000 Hz and 800 Hz 
with a 12.5 Hz warble rate. TRO sources or sinks up to 20 mA to produce an output voltage 
swing of 18 volts peak-to-peak across the piezo transducer. Tone ringer volume control can be 
implemented by a variable resistor in series with the piezo transducer. 
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ELECTRICAL CHARACTERISTICS (Ta = 25''C) 



KEYPAD INTERFACE CIRCUIT 



Characteristic 


Test 
Method 


Symbol 


Min 


Typ 


Max 


Unit 


Row Input Pullup Resistance 
m^h Row Terminal: m = 1,2,3,4 


7 


RRm 


4.0 


8.0 


11 


kO 


Column Input Pulldown Resistance 
nth Column Terminal: n = 1,2,3,4 


8 


RCn 


4.0 


8.0 


11 


kn 


Ratio of Row-to-Column Input Resistances 
K - RRm, m = 1,2,3,4 
'^m,n R^^ n = 1,2,3.4 


7&8 


Km,n 


0.88 


1.0 


1.12 


— 


Row Terminal Open Circuit Voltage 


7a 


Vroc 


280 


380 


500 


mVdc 


Row Threshold Voltage for m^h 
Row Terminal: m = 1,2,3,4 


9 


VRm 


0.70 Vroc 


— 


— 


Vdc 


Column Threshold Voltage for n^h 
Column Terminal: n = 1,2,3,4 


10 


VCn 


— 


— 


0.39 Vroc 


Vdc 
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Voltage Regulator Output 
A+ Regulator 


29 


Vr/a. 


0.95 


1.1 


1.3 


V 


A+ Input Current Off-Hook 


28a 


lA(off) 


300 


500 


700 


fxA 


A+ Input Current On-Hook 


28b 


lA(on) 


4.0 


6.0 


9.0 


mA 


Input Resistance (DD, TO, CL) 


30 


Rin 


50 


100 


150 


kO 


Input Current (I/O) 


31 


hn 


— 


80 


200 


fxA 


Input High Voltage (DD, TO, CL, I/O) 


— 


V|H 


2.0 


— 


A + 


V 


Input Low Voltage (DD, TO, CL, I/O) 


— 


V|L 


— 


— 


0.8 


V 


Output High Voltage (MS, DP, I/O) 


32 


VOH 


2.4 


4.0 


— 


V 


Output Low Voltage (MS, DP, I/O) 


33 


Vol 


— 


0.1 


0.4 


V 


LINE VOLTAGE REGULATOR 


Voltage Regulator Output 


la 


Vr 


1.0 


1.1 


1.2 


Volts 


V+ Current in DTMF Mode 


2a 


IDT 


8.0 


12 


14 


mA 


Change in \qj with Change in V+ Voltage 


2b 


AlDT 


— 


0.8 


2.0 


mA 


V+ Current in Speech Mode 
V+ = 1.7 V 
V+ = 5.0 V 


lb 
1c 


ISP 


3.5 
8.0 


5.0 
11 


7.0 
15 


mA 


Speech to DTMF Mode Current Difference 


3 


AlTR 


-2.0 


2.0 


3.5 


mA 


LR Level Shift 
V+ = 5.0 V, JLR = 10 mA 
V+ = 18 V. Ilr = 110 mA 


4a 
4b 


AVlr 


2.5 
2.8 


2.9 
3.3 


3.5 
4.0 


Vdc 


LC Terminal Resistance 


5 


Rlc 


30 


50 


75 


m 


Load Regulation 


6 


AVr 


-20 


-6.0 


20 


mVdc 
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ELECTRICAL CHARACTERISTICS (continued) 
SPEECH NETWORK 



Characteristic 


Test 
Method 


Symbol 


Min 


Typ 


Max 


Unit 


MIC Terminal Saturation Voltage 


20 


vmic 


— 


60 


125 


mVdc 


MIC Terminal Leakage Current 


21a 


'MIC 


— 


0.0 


12.0 


/xA 


MM Terminal Input Resistance 


21b 


Rmm 


50 


100 


170 


ka 


TXO Terminal Bias 


22a 


btxo 


0.46 


0.53 


0.62 


— 


TXI Terminal Input Bias Current 


22b 


'TXI 


— 


50 


250 


nA 


TXO Terminal Positive Swing 


22c 


Vtxo(+) 


— 


25 


60 


mVdc 


TXO Terminal Negative Swing 


22d 


Vtxo(-) 


— 


130 


200 


mVdc 


Transmit Amplifier Closed-Loop Gain 


23a 


Gtx 


16.5 


19 


20 


V/V 


Sidetone Amplifier Gain 


23b 


GSTA 


0.41 


0.45 


0.55 


VA/ 


STA Terminal Output Current 


24 


'STA 


50 


100 


250 


M 


RXO Terminal Bias 


25a 


brxo 


0.46 


0.62 


0.62 


— 


RXI Terminal Input Bias Current 


25b 


Irxi 


— 


100 


400 


nA 


RXO Terminal Positive Swing 


25c 


Vrxo(+) 


— 


1.0 


20 


mVdc 


RXO Terminal Negative Swing 


25d 


Vrxo(-) 


— 


40 


100 


mVdc 


TXL Terminal OFF Resistance 


26a 


Rtxl(off) 


125 


200 


300 


ka 


TXL Terminal ON Resistance 


26b 


Rtxl(on) 


— 


20 


100 


n 


RM Terminal OFF Resistance 


27a 


Rrm(OFF) 


125 


180 


300 


ka 


RM Terminal ON Resistance 


27b 


Rrm(ON) 


410 


570 


770 


n 



DTMF GENERATOR 



Row Tone Frequency Row 1 
Row 2 
Row 3 
Row 4 


11a, lib 


fRm 


692.9 
765.3 
848.9 
935.1 


696.4 
769.2 
853.2 
939.8 


699.9 
773.0 
857.5 
944.5 


Hz 


Column Tone Frequency Column 1 
Column 2 
Column 3 
Column 4 


11c, lid 


fCn 


1201.6 
1330.2 
1471.9 
1625.2 


1207.7 
1336.9 
1479.3 
1633.4 


1213.7 
1343.6 
1486.7 
1641.5 


Hz 


Row Tone Amplitude 


lie 


VRow 


0.34 


0.39 


0.50 


Vrms 


Column Tone Amplitude 


11f 


VCol 


0.43 


0.48 


0.62 


Vrms 


Column Tone Pre-emphasis 


iig 


dBcR 


0.5 


1.8 


3.0 


dB 


DTMF Distortion 


12 


% Dis 


— 


4.0 


6.0 


% 


DTMF Output Resistance 


13 


Ro 


1.0 


2.5 


3.0 


kn 
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ELECTRICAL CHARACTERISTICS (continued) 



TONE RINGER 



Characteristic 


Test 
Method 


Symbol 


Min 


Typ 


Max 


Unit 


TRI Terminal Voltage 


14 


Vtri 


20 


21.5 


23 


Vdc 


TRS Terminal Input Current 
VjRs = 24 volts 
VjRS = 30 volts 


15a 
15b 


'TRS 


70 
0.4 


120 
0.8 


170 
1.5 


AtA 
mA 


TRF Threshold Voltage 


16a 


Vtrf 


1.2 


1.6 


1.9 


Vdc 


TRF Threshold Hysteresis 


16b 


avtrf 


100 


200 


400 


mVdc 


TRF Filter Resistance 


17 


Rtrf 


30 


50 


75 


kO 


High Tone Frequency 


18 


fH 


920 


1000 


1080 


Hz 


Low Tone Frequency 


18 


fL 


736 


800 


864 


Hz 


Warble Frequency 


18 


fw 


11.5 


12.5 


13.5 


Hz 


Tone Ringer Output Voltage 


19 


Vo{p-p) 


18 


20 


22 


Vp-p 



FIGURE 11 — GENERAL TEST CIRCUIT 







1 






2 






3 






4 






5 






6 






7 






8 






9 






10 






11 






12 






13 






14 






15 






16 


100 pF^ 


* 1 — 1 
-I- 


17 


:j;ioopF 


18 




1 °~ 


19 




o 


20 



Notes: 

1. "Selected ceramic resonator: 500 kHz ±2.0 kHz. 

2. Capacitances in /xF unless noted. 

3. All resistances in ohms. 

4. Pin outs shown are for the 40 pin DIP. 



R1 

R2 

R3 

R4 

CI 

C2 

C3 

04 

DP 

TO 

MS 

A + 

1/0 

DD 

CL 

CR1 

CR2 

MM 

AGO 

MIC 



D.U.T. 



TRF 

TRO 

TRI 

TRS 

TRC 

FB 

V + 

BP 

LR 

LC 

V- 

VR 

CAL 

RXO 

RXI 

RM 

STA 

TXO 

TXI 

TXL 



40 



39 



35 



21 



' n n^ ^~- i 



38 :^0.01 ^0.047 

o 

^ 390 
37 ^ 



36 



200 k< 
;j; 0.047 J- 



:620pF 



-X 



33 



32 



2N4126 



\:— o -Pr: 0.047 



30 



29 



I 



28 > 

t-O 270^ ^ 

27 |36 ^ ^ I 



0.047 
O 



26 — 



25 



100 k 
-VW-0 
2.0 k 



1 



+ 
2.0 



►510 



24 



23 



22 



:200 k 



10 k 



-OTXAC 



TpO.OI 
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FIGURE 12 — TEST ONE 



General 

Test 

Circuit 


34 


ISP 


29 


• 1 + 

T 







■vs 



a. Measure Vr with Vs = 1.7 V 

b. Measure Isp with Vs = 1.7 V 

c. Measure Isp with Vs = 5.0 V 



FIGURE 13 — TEST TWO 



34 



1 




■dr- 5 


+ 


General 
Test 


1.0 V-r 


Circuit 







IDT 



4:-Vs 



a. Measure Idj with Vs = 11.5V 

b. Measure Idt with Vs = 26 V. Calculate 

^'dt = Idt I - Idt| 

26 V 11.5 V 



FIGURE 14 — TEST THREE 




With Si open measure Ijr. Close Si and again measure 
IjR. Calculate: 

aitr = 'tr I - 'trI 

"Si 'Si 

Closed Open 



FIGURE 15 — TEST FOUR 




a. Set Vs = 5.0 V and Ilr = 10 mA. Measure Vlr. 
Calculate AVlr = Vs - Vlr 

b. Repeat Test 4a with Vs = 18 V and I|_r = 110 mA 
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FIGURE 16 — TEST FIVE 



V — ' — 5.0 V 




With Si open measure Vlq. 
Close Si and measure l|_c. 
Calculate: 

5.0 - Vlc 



FIGURE 17 — TEST SIX 




Set Ibp = 0.0 fiA and measure Vr. 
Set Ibp = 150 fiA and measure Vr. Calculate: 
AVr = Vr| - Vr| 

0.0 /LtA 150 M 



FIGURE 18 — TEST SEVEN 



.. /^^^ 


General 

Test 

Circuit 


34 


iRm ' 


' o 1 


+ 
"T 5.0 V 



Subscript m corresponds to row number. 



a. Set Si to Terminal 2 and measure voltage at Terminal 1 

(Vroc)- 

b. Set Si to Terminal 1 (m = 1) and measure Iri- Calculate: 

Rri = Vroc - Iri 

c,d,e. Repeat Test 7b for m = 2,3,4. 



FIGURE 19 — TEST EIGHT 



Si 



ici 




11 



1.0 V 



z±r O- 



General 
Test 
Circuit 



34 



~r5.ov 



Subscript n corresponds to column number. 



a. Set Si to Terminal 5 (n = 1) and measure Id- Calculate: 

Rci = 1.0 V -^ Id 
b,c,d. Repeat Test 8a for n = 2,3,4. 
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FIGURE 20 — TEST NINE 



J^5.0V 




m corresponds to row number. 



a. Set $1 to Terminal 1 (m = 1) with Vi = 1.0 Vdc. Verify 
Vmic 's Low (Viviic < 0.3 Vdc). Decrease Vi to 0.70 Vrqc 
and verify Vmic switches high. (V|\/||c > 0.5 Vdc). VrqC 
is obtained from Test 7a. 

b,c,d. Repeat Test 9a for rows 2,3, and 4. (m = 2,3,4) 



FIGURE 21 — TEST TEN 




"T"5.0V 



Vi;- 



n corresponds to column number. 



a. Set Si to Terminal 5 (n = 1) with Vi = Vdc. Verify 
VmiC 's low (Vmic < 0-3 Vdc). Increase Vi to 0.39 Vrqc 
and verify V|\/||C switches high, (V|\/||c > 0.5 Vdc). Vrqc 
is obtained from Test 7a. 

b,c,d. Repeat Test 10a for columns 2,3, and 4. (n = 2,3,4) 



FIGURE 22 — TEST ELEVEN 



600 n 



#-^VW-| 




m corresponds to row number, 
n corresponds to column number. 



a. With Vi = 0.0 V set Si to Terminal 1 (m = 1) and 
measure frequency of tone at V + . 

b. Repeat Test 11a for rows 2,3 and 4. (m = 2,3,4). 

c. With Vi = 1.0 V set Si to Terminal 5. (n = 1) and 
measure frequency of tone at V + . 

d. Repeat Test for columns 2,3, and 4. (n = 2,3,4). 

e. Set Si to Terminal 4 and Vi = 0.0 V. Measure row tone 
amplitude at V+ (Vrqw)- 

f. Set Si to Terminal 8 and Vi = 1.0 V. Measure column 
tone amplitude at V + . (Vcol)- 

g. Using results of Tests lie and 11f, calculate: 

VCOL 
^^CR = 20 10910^^^^ 
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FIGURE 23 — TEST TWELVE 



X 

±ji' 



General 

Test 

Circuit 



34 



600 n 



#-VsA^ 1 

"Jl5V 



ffi 



bg 



940 Hz "3- 
Notch Filter 



1209 Hz 
Notch Filter 



^— OVi 



10 kHz Single 
Pole LPF 



Note: The notch filters must have 50 dB attenuation at their 
respective center frequencies. 

Measure V+ and Vq with a true rms voltmeter. Calculate: 

Vifrms) 
%DIS = TT—. rxlOO 

V + (rms) 



FIGURE 24 — TEST THIRTEEN 




5.0 V 



Measure Is at Vi = 1.8 V and Vi = 2.8 V. 

Calculate: _ 

Ro = 1.0 V J Isl - Isl 

L 12.8 V '1.8VJ 



FIGURE 25 — TEST FOURTEEN 



t f • Vtri 




Set I = 1.0 mA and measure Vjri. 



FIGURE 26 — TEST FIFTEEN 




20 V 



a. Measure Ijrs with Vi = 24 V. 

b. Measure IjRS with Vi = 30 V. 
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FIGURE 27 — TEST SIXTEEN 



General 
Test 
Circuit 



39 



-OVtro 



38 



Vi T T 20 V 



a. Increase Vi from 21 V until VjRO switches on. Note that 
VjRo will be an 16 Vpp square wave. Record this value 
of Vi- Calculate: 

VtRF = Vi - 20 V 

b. Decrease V^ from its setting in Test 16a until Vjrq 
ceases switching. Record this value of Vi. Calculate: 

AVtrf = Vi| - Vi| 

' Test I Test 
16a 16b 



FIGURE 28 — TEST SEVENTEEN 





40 


'TRF 


General 


38 






37 










Test 




± _i 


Circuit 




"20 V "T 








" 



21 V 



Measure Ijrf. Calculate: RjRF = 1.0 -^ Ijrf- 



FIGURE 29 — TEST EIGHTEEN 




Measure the frequencies fw/ ffH' ^L- 
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FIGURE 30 — TEST NINETEEN 

39 




O Vtro 



20 V 



Measure Vjrq peak-to-peak voltage swing. 
Using Vjri from Test 14 Calculate: 

Vo(p-p) = Vtri - 20 V + Vtro 



FIGURE 31 — TEST TWENTY 



I 500^ 20 

6v 



General 

Test 

Circuit 



34 



"T 5.0 V 



Measure Vmic 



FIGURE 32 — TEST TWENTY-ONE 




— Vi -pi.ov 



a. Set Vi = 2.0 V and measure \[\j\\C- 

b. Set Vt = 5.0 V and measure ImM- 
Calculate: RmM = 5.0 V ^ l|\/||\/| 



FIGURE 33 — TEST TWENTY-TWO 




5.0 V 



a. With Si open, measure VyxO- Using Vr obtained in Test 
1 Calculate: BjXO = Vjxo ^ Vr 

b. With Si open, measure VjxO ^^^ ^TX\- Calculate: 
ITXI = (VtXO - VtXI) - 200 ka 

c. Close Si and set I = -10 fxA. Measure VjxO- Calculate: 
VjxO^ + ) = Vr - Vjxo where Vr is obtained from 
Test 1. 

d. Close Si and set I = +10 /xA. Measure Vjxo- 

Vtxo(-) = vtxo- 
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FIGURE 34 — TEST TWENTY-THREE 




-rS.OV 



f = 1.0 kHz 



a. Set the generator for vj = 3.0 mVrms- Measure ac 
voltage VjxO- Calculate: 

"^ Vj 

b. Measure ac voltage VsjA- Using Vjxo ^^^^ ^^st 23a 
calculate: 

VSTA 



GSTA = 



Vtxo 



FIGURE 35 — TEST TWENTY-FOUR 



General 

Test 

Circuit 



34 



24 



-rs.ov 

'STA 

-ro.3V 



Measure IsTA- 



FIGURE 36 — TEST TWENTY-FIVE 



FIGURE 37 — TEST TWENTY-SIX 




r^ 



a. With $1 open, measure VrxO- Using Vr obtained in Test 
1, calculate: Brxo = Vrxo - Vr. 

b. With $1 open, measure Vrxo ^nd VrxI- Calculate: 

iRxi = (Vrxo - vrxi) - 100 ka 

c. Close $1 and set I = -10 /jA. Measure Vrxo- Using Vr 
obtained in Test 1, calculate: Vrxo ( + ) = Vr - Vrxo- 

d. Close $1 and set I = +10 ^lA and measure Vrxo- 
Vrxo(-) = VrxO- 




1-OVrmsl 
1.0 kHz 



a. Set Si to position A with S2 open. Measure IjxL- 
Calculate: RjXL (OFF) = 0.4 V ^ iyxL- 

b. Set Si to position B and close S2- Measure ac voltages Vj 
and VjxL- Calculate: 



RtXL (ON) : 



Vtxl 

vj-VtxL 



X 5.1 kn 
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FIGURE 38 — TEST TWENTY-SEVEN 




34 



"TB.OV 



Irm 



.n.. 



VRM I ^°^" 




1.0 kHz 

a. With 82 open and Si in position 
A measure Irm. 

Calculate: Rrm(OFF) = 0.4 V ^ Irm 

b. Close S2 and switch Si to position B. Measure ac 
voltages vj and Vrm- 

Calculate: ^ 

Rrm(ON) = RM xlOkO 

V| - VRM 



FIGURE 39 — TEST TWENTY-EIGHT 





General 

Test 

Circuit 


34 


'A 
► 12 


V + 


+ 
J 5.0 V 


T 



a. SetV+ = 1.4 V. Measure Ia(OFF) 

b. Set V+ = 0.6 V. Measure Ia(ON) 



FIGURE 40 — TEST TWENTY-NINE 




Measure Vr/A4 



FIGURE 41 — TEST THIRTY 

12 



T- 5.0 V 




5.0 VT T5.0V 



Measure Ijp at each of three inputs. For each, calculate: 
Rin = 5.0 V/lin 
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FIGURE 42 — 


TEST THIRTY-ONE 




FIGURE 43 - 


- TEST THIRTY-TWO 








12 


General 

Test 

Circuit 






\^ 


General 

Test 

Circuit 








in 13 


-f- 
5.0 \F 




9 






+ 


14 


34 




48 k; 

■ 1 




o4 








+ 
-5.0 V 




1 1 






+ 
5.0 V~- 


+ 
0.8 Vr2.0 V 


,, 


13 

,48 kL 

> > 

> S 

L 1_ 


+ 

^.ov 




Measure Ijn- 


- - - - 1^ 'i 

a. Measure Vqh at Pin 13. ^'^^ ^^^ 










b. Close Si, measure Vqh at Pin 11. 


_Li 






c. Close Si and S5. Measure Vqh 
at Pin 9. ~ 


■J- 1.0 V 



FIGURE 44 — TEST THIRTY-THREE 




t ^ 20 /as 

a. Set VpD to 0.8 V Measure Vql voltages at Pins 9 and 11. 

b. Close Si- Force V|/o to 0.8 V and Vqd to 2.0 V. Apply 
4 clock pulses to Pin 15. Open Si and decrease Vqd to 
0.8 V. Measure Vql at Pin 13. 



APPLICATIONS INFORMATION 



Figure 45 specifies a typical application circuit for the 
MC34010. Complete listings of external components are 
provided at the end of this section along with nominal 
component values. 

The hook switch and polarity guard bridge configu- 
ration in Figure 45 is one of several options. If two 
bridges are used, one for the tone ringer and the other 
for speech and dialer circuits, then the hook switch can 
be simplified. Component values should be varied to 
optimize telephone performance parameters for each 



application. The relationships between the application 
circuit components and certain telephone parameters 
are briefly described in the following: 

On-Hook Input Impedance 

R1, C17, and Z3 are the significant components for 
on-hook impedance. CI 7 dominates at low frequencies, 
R1 at high frequencies and Z3 provides the non-linearity 
required for 2.5 V and 10 V impedance signature tests. 
C17 must generally be ^ 1 .0 /iF to satisfy 5.0 Hz imped- 
ance specifications. 
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Tone Ringer Output Frequencies 

R3 and CI 3 control the frequency (fo) of a relaxation 
oscillator. Typically fo = (R3C13 + 8.0 fjus)-'^. The out- 
put tone frequencies are fo/1 and fo/8. The warble rate 
is fo/640. The tone ringer will operate with fo from 1.0 
kHz to 10 kHz. R3 should be limited to values between 
150 k and 300 k. 

Tone Ringer Input Threshold 

After R1, CI 7, and Z3 are chosen to satisfy on-hook 
impedance specifications, R2 is chosen for the desired 
ring start threshold. Increasing R2 reduces the ac input 
voltage required to activate the tone ringer output. R2 
should be limited to values between 0.8 k and 2.0 kll. 

Off-Hook DC Resistance 

R4 conducts the dc line current in excess of the speech 
and dialer bias current. Increasing R4 increases the 
input resistance of the telephone for line currents above 
10 mA. R4 should be selected between 30 Cl and 120 ft. 

Off-Hook AC Impedance 

The ac input impedance is equal to the receive ampli- 
fier load impedance (at RXO) divided by the receive 
amplifier gain (voltage gain from V+ to RXO). Increas- 
ing the impedance of the receiver increases the imped- 
ance of the telephone. Increasing the gain of the receiver 
amplifier decreases the Impedance of the telephone. 

DTMF Output Amplitude 

R14 controls the amplitude of the row and column 
DTMFtones. Decreasing R14increasesthe level of tones 
generated at V + . The ratio of the row and column tone 
amplitudes is internally fixed. R14 should be greater 
than 20 H to avoid excessive current in the DTMF output 
amplifier. 

Transmit Output Level 

RIO controls the maximum signal amplitude pro- 
duced at V+ by the transmit amplifier. Decreasing RIO 
increases the transmit output signal at V + . RIO should 
be greater than 220 O, to limit current in the transmit 
amplifier output. 

Transmit Gain 

The gain from the microphone to the telephone line 
varies directly with R11. Increasing R11 increases the 
signal applied to RIO and the ac current driven through 
RIO to the telephone line. The closed loop-gain from 
the microphone to the TXO terminal should be greater 
than 10 to prevent transmit amplifier oscillations. 
Note: Adjustments to transmit level and gain are com- 
plicated by the addition of receiver sidetone cur- 
rent to the transmit amplifier output current at 
V + . Normally the sidetone current from the 
receiver will increase the transmit signal (if the 
current in the receiver is in phase with that in 
RIO). Thus the transmit gain and sidetone levels 
cannot be adjusted independently. 



Receiver Gain 

Feedback resistor R6 adjusts the gain at the receiver 
amplifier. Increasing R6 increases the receiver amplifier 
gain. 



Sidetone Level 

Sidetone reduction is achieved by the cancellation of 
receiver amplifier input signals from R9 and R5. R8, R1 5, 
and C6 determine the phase of the sidetone balance 
signal in R9. The ac voltage at the junction of R8 and 
R9 should be 1 80° out of phase with the voltage at V + . 
R9 is selected such that the signal current in R9 is 
slightly greater than that in R5. This insures that the 
sidetone current in the receiver adds to the transmit 
amplifier output current. 



Hook-Switch Click Suppression 

When the telephone is switched to the off-hook con- 
dition C3 charges from volts to a 300 mV bias voltage. 
During this time interval, receiver clicks are suppressed 
by a low impedance at the RM terminal. If this click 
suppression mechanism is desired during a rapid 
succession of hook switch transitions, then C3 must be 
quickly discharged when the telephone is on-hook, R16 
and S3 provide a rapid discharge path for C3 to reset 
the click suppression timer. R16 is selected to limit the 
discharge current in S3 to prevent damage to switch 
contacts. 



Microprocessor Interface 

The six microprocessor interface lines (DP, TO, MS, 
DD, I/O, and CL) can be connected directly to a port, as 
shown in Figure 47. The DP line (Depressed Pushbutton) 
is also connected to an interrupt line to signal the micro- 
processor to begin a read data sequence when storing 
a number into memory. The MC34010A clock speed 
requirement is slow enough (typically 20 kHz) so that it 
is not necessary to divide down the processor's system 
clock, but rather a port output can be toggled. This facil- 
itates synchronizing the clock and data transfer, elimi- 
nating the need for hardware to generate the clock. 

The DD pin must be maintained ^at a Logic "0" when 
the microprocessor section is not in use, so as to permit 
normal operation of the keypad. 

When the microprocessor interface section is not in 
use, the supply voltage at Pin 12 (A + ) may be discon- 
nected to conserve power. Normally the speech cir- 
cuitry is powered by the voltage supplied at the V + 
terminal (Pin 34) from the telephone lines. During this 
time, A+ powers only the active pullups on the three 
microprocessor outputs (DP, MS, and I/O). When the 
telephone is "on-hook," and V+ falls below 0.6 volts, 
power is then supplied to the telephone speech and 
dialer circuitry from A+. Powering the circuit from the 
A+ pin permits communication with a microprocessor, 
and/or use of the transmit and receiver amplifiers, while 
the telephone Is "on-hook." 
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FIGURE 45 — ELECTRONIC TELEPHONE APPLICATION CIRCUIT 
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TIP 



O RING 



SI, S2 controlled 

by hook switch; Illustrated 

in "on-hook" 

condition. 



Electret Microphone 



*RX used with 2-Terminal mike only. 



EXTERNAL COMPONENTS 

(Component Labels Referenced to Figure 45) 



Capacitors 


Nominal 
Value 


Description 


C1,C2 
C3 
C4, C5 

C6 

C7, C8 

C9 
CIO 
C11 
CI 2 

CI 3 
C14 

CI 5 

CI 6 

CI 7 


100 pF 

1 .0 mF, 3.0 V 

0.1 fxF 

0.05 fxF 

0.05 fiF 

2.2 fxF, 3.0 V 
0.01 fxF 
0.1 fxF 
0.01 fiF 

620 pF 
0.1 fxF 

4.7 fxF, 25 V 

^.OflF, 10 V 

1 .0 /xF, 250 Vac 
Non-polarized 


Ceramic Resonator oscillator capacitors. 

Transmit limiter low-pass filter capacitor: controls attack and decay time of transmit peak limiter. 

Transmit amplifier input capacitors: prevent dc current flow into TXL pin and attenuate low-frequency 

noise on microphone lead. 

Sidetone network capacitor: provides phase-shift in sidetone path to match that caused by telephone 

line reactance. 

Receiver amplifier input capacitors: prevent dc current flow into RM terminal and attenuates low frequency 

noise on the telephone line. 

VR regulator capacitor: frequency compensates the VR regulator to prevent oscillation. 

Receiver amplifier output capacitor: frequency compensates the receiver amplifier to prevent oscillation. 

DC load filter capacitor: prevents the dc load circuit from attenuating ac signals on V + . 

Telephone line bypass capacitor: terminates telephone line for high frequency signals and prevents 
oscillation in the VR regulator. 

Tone ringer oscillator capacitor: determines clock frequency for tone and warble frequency synthesizers. 

DTMF output feedback capacitor: ac couples feedback around the DTMF output amplifier which reduces 

output impedance. 

Tone ringer input capacitor: filters the rectified tone ringer input signal to smooth the supply potential 

for oscillator and output buffer. 

Tone ringer filter capacitor: integrates the voltage from current sense resistor R2 at the input of the 

threshold detector. 

Tone ringer line capacitor: ac couples the tone ringer to the telephone line; partially controls the on- 

hook input impedance of telephone. 



Resistors 


Nominal 
Value 


Description 


R1 

R2 

R3 
R4 

R5, R7 

R6 
R8, R9 

RIO 

R11 
R12, R13 

R14 
R15 
R16 

Rx 


6.8 k 

1.8 k 

200 k 
82, 1 .0 W 

150 k, 56 k 

200 k 
1 .5 k, 30 k 

270 

200 k 
4.7 k, 4.7 k 

36 
2.0 k 
100 

3.0 k 


Tone ringer input resistor: limits current into the tone ringer from transients on the telephone line and 

partially controls the on-hook impedance of the telephone. 

Tone ringer current sense resistor: produces a voltage at the input of the threshold detector in proportion 

to the tone ringer input current. 

Tone ringer oscillator resistor: determines the clock frequency for tone and warble frequency synthesizers. 

DC load resistor: conducts all dc line current in excess of the current required for speech or dialing 

circuits; controls the off-hook dc resistance of the telephone. 

Receiver amplifier input resistors: couple ac input signals from the telephone line to the receiver amplifier; 

signal in R5 subtracts from that in R9 to reduce sidetone in receiver. 

Receiver amplifier feedback resistor: controls the gain of the receiver amplifier. 

Sidetone network resistors: drive receiver amplifier input with the inverted output signal from the trans- 
mitter; phase of signal in R9 should be opposite that in R5. 

Transmit amplifier load resistor: converts output voltage of transmit amplifier into a current that drives 
the telephone line; controls the maximum transmit level. 
Transmit amplifier feedback resistor: controls the gain of the transmit amplifier. 
Transmit amplifier input resistors: couple signal from microphone to transmit amplifier; control the dynamic 
range of the transmit peak limiter. 

DTMF calibration resistor: controls the output amplitude of the DTMF dialer. 
Sidetone network resistor (optional): reduces phase shift in sidetone network at high frequencies. 
Hook switch click suppression current limit resistor (optional): limits current when S3 discharges C3 after 
switching to the on-hook condition. 

Microphone bias resistor: sources current from VR to power a 2-terminal electret microphone; Rx is not 
used with 3-terminal microphones. 
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EXTERNAL COMPONENTS (continued) 



Semiconductors 


Electret Mic 


Receiver 


B1 = MDA101A, or equivalent. 


2 Terminal, Primo EM-95 (Use Rx) 


Primo Model DH-34 (300 a) 


or equivalent 


or4-1N4005 


or equivalent 






71 = 2N4126 or equivalent 


3 Terminal, Primo 07A181P (Remove Rx) 






Z1 = 18 V, 1.5W, 1N5931A 


or equivalent 






Z2 = 30 V, 1.5W, 1N5936A 








Z3 = 4.7 V, 1/2W, 1N750 








XR — muRata Erie CSB 500 kHz 








Resonator, or equivalent 








Piezo — PBL 5030BC Toko Buzzer 








or equivalent 









Motorola Inc. does not endorse or warrant the suppliers referenced. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



TELEPHONE TONE RINGER 

• Complete Telephone Bell Replacement Circuit with Minimum 
External Components 

• On-Chip Diode Bridge and Transient Protection 

• Direct Drive for Piezoelectric Transducers 

• Base Frequency Options— MC3401 2-1: 1.0 kHz 

MC34012-2: 2.0 kHz 
MC34012-3: 500 Hz 

• Input Impedance Signature Meets Bell and EIA Standards 

• Rejects Rotary Dial Transients 



MC34012-1 
MC34012-2 
MC34012-3 



TELEPHONE 
TONE RINGER 



BIPOLAR LINEAR/|2l 




PLASTIC PACKAGE 
CASE 626 



APPLICATION CIRCUIT 



Tip 



-c 



4.7 k IOmF 
— ^AA< 1( 



Ring 



180 k 



ih^ 



RG ^-^ RC 



ACi 
AC2 
RO 



RF 



RS 



Piezo Sound 
Element 



MC34012-1: C = 1000pF 
MC34012-2: C= 500 pF 
MC3401 2-3: C = 2000 pF 



Tt^C 



1.0 AiF 

ii 10V 



:i.8k 



^5.0/nF 
; 25 V 
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APPLICATION CIRCUIT PERFORMANCE 



Characteristic 


Typical Value 


Units 


Output Tone Frequencies 

MC34012-1 

MC34012-2 

MC34012-3 
Warble Frequency 


832/1040 

1 664/2080 

416/520 

13 


Hz 


Output Voltage 
(V|^60VrmS'20Hz) 


20 


Vp.p 


Output Duty Cycle 


50 


% 


Ringing Start Input Voltage (20 Hz) 


36 


Vrms 


Ringing Stop Input Voltage (20 Hz) 


28 


Vrms 


Maximum ac Input Voltage (^ 68 Hz) 


150 


Vrms 


Impedance When Ringing 
V|=40Vrms'15Hz 
V| = 130Vrms'23Hz 


20 
10 


kn 


Impedance When Not Ringing 
V| = 10VrmS'24Hz 
V|=2.5Vrms.24Hz 
V| = 10Vrn,s.5.0Hz 
V|= 3.0 Vrms' 200-3200 Hz 


28 

>1.0 

55 
>1.0 


kn 
Mn 
kn 
Mn 


Maximum Transient Input Voltage 
(T^ 2.0 ms) 


1500 


V 



PIN DESCRIPTIONS 



Name 


Description 


ACi ^ AC2 


The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line 
energizes the ringer through this bridge. 


RS 


The positive output of diode bridge to which an external current sense resistor is connected. 


Rl 


The positive supply terminal for the oscillator, frequency divider and output buffer circuits. 


RF 


The terminal for the filter capacitor used in detection of ringing input signals. 


RO 


The tone ringer output terminal through which the sound element is driven. 


RG 


The negative output of the diode bridge and the negative supply terminal of the tone generating 
circuitry. 


RC 


The oscillator terminal for the external resistor and capacitor which control the tone ringer 
frequencies. 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C) 



Characteristic 


Test 


Symbol 


Min 


Typ 


Max 


Units 


Ringing Start Voltage 












Vdc 


(Vstart = V|@ Ring Start) 














V|>0 


la 


Vstart(+) 


31 


34.5 


38 




V|<0 


lb 


Vstart(-) 


-31 


-34.5 


-38 




Ringing Stop Voltage 


1c 


Vstop 








Vdc 


(Vstop=V|@ Ring Stop) 














MC34012-1 






16 


20 


25 




MC34012-2 






13 


18 


22 




MC34012-3 






16 


20 


25 




Output Frequencies (V| = 50 V) 


Id 










Hz 


MC34012-1 High Tone 




fH 


967 


1040 


1113 




Low Tone 




fL 


774 


832 


890 




Warble Tone 




fw 


12 


13 


14 




MC34012-2 High Tone 




fH 


1934 


2080 


2226 




Low Tone 




fL 


1548 


1664 


1780 




Warble Tone 




fw 


12 


13 


14 




MC34012-3 High Tone 




fH 


967 


1040 


1113 




Low Tone 




fL 


774 


832 


890 




Warble Tone 




fw 


24 


26 


28 




OutputVoltage(V| = 50V) 


6 


vo 


19 


20 


23 


Vp.p 


Output Short-Circuit Current 


2 


•o 


35 


50 


80 


mAp.p 


Input Diode Voltage 


3 


Vd 


4.6 


5.1 


5.6 


Vdc 


(l| = 1.0 mA) 














InputVoltage— SCROff 


4a 


Voff 


37 


42 


47 


Vdc 


(l| = 30 mA) 














Input Voltage— SCR On 


4b 


Von 


3.2 


4.2 


6.0 


Vdc 


(l| = 100 mA) 














Threshold Filter Resistance 


5 


Rrf 


30 


50 


80 


m 


RrF = 2.0V/Irf 















R1 CI Diode Bridge 

Tip^^,vH( ^ 



Ring>- 



C2 7^ 



V 



lACi 



I 



BLOCK DIAGRAM 

C3 

\^ 



'AC2 

I SCR 

I Transient -^ 

I Clamp 

I 



R3 



RS 



^ '' y^ 7.0V '' 



22 V 



i 



r 



I~' 



Bias 



1 



Tone 



Oscillator Frequency I 

Divider 



C4 

He 



"^ 



RF 



_£r 



Threshold 
Comparator 



n 
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CIRCUIT DESCRIPTION 



The MC3401 2 Tone Ringer derives its power supply by 
rectifying the ac ringing signal. It uses this power to 
activate a tone generator and drive a piezo-ceramic 
transducer. The tone generation circuitry includes a 
relaxation oscillator and frequency dividers which 
produce high and low frequency tones as well as the 
tone warble frequency. The relaxation oscillator fre- 
quency fo is set by resistor R2 and capacitor C2 
connected to pin RC. The oscillator will operate with fo 
from 1 .0 kHz to 10 kHz with the proper choice of external 
components (See Figure 1 ). 

The frequency of the tone ringer output signal at pin 
RO alternates between fo/4 to fo/5. The warble rate at 
which the frequency changes is fo/320 for the 
MC34012-1, fo/640 for the MC34012-2, or fo/160 for 
the MC3401 2-3. With a 4.0 kHz oscillator frequency, the 
MC34012-1 produces 800 Hz and 1000 Hz tones with a 
12.5 Hz warble rate. The MC3401 2-2 generates 1600 Hz 
and 2000 Hz tones with a similar 12.5 Hz warble 
frequency from an 8.0 Hz oscillator frequency. The 
MC34012-3 will produce 400 Hz and 500 Hz tones with 
a 1 2.5 Hz warble rate from a 2.0 kHz oscillator frequency. 
The tone ringer output circuit can source or sink 20 mA 
with an output voltage swing of 20 volts peak-to-peak. 
Volume control is readily implemented by adding a 
variable resistance in series with the piezo transducer. 

Input signal detection circuitry activates the tone 
ringer output when the ac line voltage exceeds 
programmed threshold level. Resistor R3 determines the 
ringing signal amplitude at which an output signal will 
be generated at RO. The ac ringing signal is rectified by 
the internal diode bridge. The rectified input signal 

FIGURE 1 — OSCILLATOR PERIOD (1 /fo) versus 
OSCILLATOR R2 C2 PRODUCT 
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produces a current through R3 which is input at terminal 
Rl. The voltage across resistor R3 is filtered by capacitor 
C3 at the input to the threshold circuit. When the voltage 
on capacitor 03 exceeds 1.7 volts, the threshold com- 
parator enables the tone ringer output. Line transients 
produced by pulse dialing telephones do not charge 
capacitor C3 sufficiently to activate the tone ringer 
output. 

Capacitors CI and 04 and resistor Rl determine the 
10 volt, 24 Hz signature test impedance. 04 also provides 
filtering for the output stage power supply to prevent 
droop in the square wave output signal. Six diodes in 
series with the rectifying bridge provide the necessary 
non-linearity for the 2.5 volt, 24 Hz signature tests. 

An internal shunt voltage regulator between the Rl 
and RG terminals provides dc voltage to power output 
stage, oscillator, and frequency dividers. The dc voltage 
at Rl is limited to approximately 22 volts in regulation. To 
protect the IC from telephone line transients, an SCR is 
triggered when the regulator current exceeds 50 mA. 
The SCR diverts current from the shunt regulator and 
reduces the power dissipation within the IC. 



EXTERNAL COMPONENTS 



Rl 


Line Input resistor. Rl controls the tone 
ringer input impedance. It also influences 
ringing threshold voltage and limits current 
from line transients. 
(Range: 2.0 kn to 10 kH). 


CI 


Line input capacitor. C1 ac couples the tone 
ringer to the telephone line and controls 
ringer input impedance at low frequencies. 

(Range: 0.4 /uF to 2.0)uF). 


R2 


Oscillator resistor. 
(Range: 1 50 kn to 300 kn). 


C2 


Oscillator capacitor. 
(Range: 400 pF to 2000 pF). 


R3 


Input current sense resistor. R3 controls the 
ringing threshold voltage. Increasing R3 
decreases the ring-start voltage. 
(Range: 0.8 kn to 2.0 kn). 


C3 


Ringing threshold filter capacitor. 03 filters the 
ac voltage across R3 at the input of the ringing 
threshold comparator. It also provides dialer 
transient rejection. 
(Range: 0.5 ^F to 5.0 /uF). 


04 


Ringer supply capacitor. C4 filters supply 
voltage for the tone generating circuits. It also 
provides an ac current path for the 1 Vrms 
ringer signature impedance. 
(Range: I.C/xFto 10 /xF). 
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FIGURE 2 -TEST ONE 




MC34012-1: C = 1000pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000pF* 



Increase V| from +30 volts while monitoring 

Vq- Vstarti"'') equals V| when Vq commences 

switching. 

Decrease V| from -30 volts while monitoring 

Vq- Vstart(-) equals V| when Vq commences 

switching. 

Decrease V| from +40 volts while monitoring 

Vq. Vstop equals V| when Vq ceases 

switching. 

Set V| to +50 volts. Close SI . Measure 

frequencies fn, fL- and f\/\/. 



Vdd 



O01 uF*^ 



R 



Vdd 



? 



"vy 



200 k 



0.01 fiF 



12 



IC1— MC14011B 
IC2— MC14538B 

Vdd = 12 V 

*lndicates 1 % tolerance 
(5% otherwise) 



13 



-@^H 



-@fw 



MC34012-1 
MC34012-2 
MC34012-3 



R = 1 1 kn* 
R= 55 kn* 
R = 110kn* 
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FIGURE 3 -TEST TWO 



♦■KX^-^AA^ 




.:;:i.5.0V 

1 



MC34012-1: C = 1000pF* 
MC3401 2-2: C = 500 pF* 
MC34012-3: C = 1000pF» 



With Vpc = 3.5 volts, close SI . Measure the 
current at Pin 4 (Iqi )• Repeatedly switch Vrc 
between 3.5 volts and volts until Pin 4 current 
changes polarity. Measure this opposite polarity 
current (lo2)- 
Calculate: 

I0 = |l0ll+I'02l 



^Indicates 1 % tolerance (5% otherwise) 



FIGURE 4 -TEST THREE 



Vdd 
p 



1.0 mA 







390 n., 4 

-L. 0.047 /xF 




MC34012-1: C = 1000pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000pF* 



Measure voltage at Pin 2. 



^indicates 1 % tolerance (5% otherwise) 
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FIGURE 5 -TEST FOUR 



®. 



X" 



RG 
ACi 



RC 
RF 



DUT 
AC2 RS 



RO 



Rl 



}■ 



J^O.01 /xF 
I 1.8 k* 



MC34012-1: C = 1000pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000pF* 



a. Set l| to 30 mA. Measure voltage at Pin 2 

(Voff)- 

b. Set l| to 1 00 mA. Measure voltage at Pin 2 

(Von)- 



^Indicates 1 % tolerance (5% otherwise) 



FIGURE 6 -TEST FIVE 



RG ^^ RC 




1 80 k» < 
8 



]■ 






- 0.01 nF 



• 1 .8 k* 



+ 1 I 20V 



18V 



MC34012-1: C = 1000pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000pF* 



Measure current into Pin 7 (Irf)- 
Calculate: 

RrF = 2 volts ^ Irf 



* Indicates 1% tolerance (5% otherwise) 
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FIGURE 7 -TEST SIX 




a 2k 
♦-CrO-AAA^ 
81 +-L. 

Vrc i 



With Vrc = 3.5 volts, close SI . Set V| to 50 
volts. Measure dc voltage at Pin 4 (Vqi). 
Repeatedly change Vrc between 3.5 volts and 
volts until Pin 4 changes state. Measure the 
new voltage at Pin 4 (Vo2)- 
Calculate the peak-to-peak output voltage: 

VOp-p = |Vo2-Voil 



-=:. 10V 



I 



MC34012-1: C = 1000pF* 
MC34012-2: C= 500 pF* 
MC34012-3: C = 1000pF* 



* Indicates 1% tolerance (5% otherwise) 
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Specifications and Applications 
Information 



TELEPHONE SPEECH NETWORK WITH DIALER 
INTERFACE 

The MC34014 is a Telephone Speech Network integrated circuit 
which incorporates adjustable transmit, receive, and sidetone 
functions, a dc loop interface circuit, tone dialer interface, and a 
regulated output voltage for a pulse/tone dialer. Also included is 
an equalization circuit which compensates gains for line length 
variations. The conversion from 2-to-4 wire is accomplished with 
a supply voltage as low as 1.5 volts. The MC34014 is packaged 
in a standard 18-pin (0.3" wide) plastic DIP and a 20-pin SOIC 
package. 

• Transmit, Receive, and Sidetone Gains Set by 
External Resistors 

• Loop Length Equalization for Transmit, Receive, and 
Sidetone Functions 

• Operates Down to 1.5 volts (V-f-) in Speech Mode 

• Provides Regulated Voltage for CMOS Dialer 

• Speech Amplifiers Muted During Pulse and Tone Dialing 

• DTMF Output Level Adjustable with a Single Resistor 

• Compatible with 2-Terminal Electret Microphones 

• Compatible with Receiver Impedances of 150 H and Higher 



TELEPHONE SPEECH NETWORK 

WITH 

DIALER INTERFACE 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



^.^0 


P SUFFIX 


1 " " PLASTIC PACKAGE | 




CASE 707 


DW SUFFIX 


^1^ 


PLASTIC PACKAGE 


20-^^ 


CASE 751 D 


SO-20L 


1 



Tip o- 



Ringo- 



BLOCK DIAGRAM 




DTMFJ^ 
Input 



Microphone 



Input 
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PIN DESCRIPTION (See Figure 1) 



Pin# 
SOIC 


Pin# 
DIP 


Name 


Description 


1 


1 


MIC 


Microphone negative supply. Bias cur- 
rent from the electret microphone is 
returned to V- through this pin, through 
an open collector NPN transistor whose 
base is controlled by an internal mute 
signal. During dialing, the transistor is 
off, disabling the microphone. 


2 


2 


TXI 


Transmit amplifier input. Input impedance 
is 10 kfl. Signals from the microphone 
are input through capacitor C5 to TXI. 


3 


3 


TXO 


Transmit amplifier output. The ac signal 
current from this output flows through 
the Vr series pass transistor via R9 to 
drive the line at V + . Increasing R9 will 
decrease the signal at V + . The output is 
biased at =0.65 V to allow for maximum 
swing of ac signals. The closed loop 
gain from TXI to TXO is internally set at 
26 dB. 


4 


4 


STA 


Sidetone amplifier output. Input to this 
amplifier is TXO. The signal at STA can- 
cels the sidetone signals in the receive 
amplifier. The signal level at STA 
increases with loop length. 


5 


5 


CC 


Compensation Capacitor. A capacitor 
from CC to ground will compensate the 
loop length equalization circuit when 
additional stability is required. In most 
applications, CC remains open. 


7 


6 


EQ 


Equalization amplifier output. A portion 
of the V+ signal is present on this pin to 
provide negative feedback around the 
transmit amplifier. The feedback 
decreases with increasing loop length, 
causing the ac impedance of the circuit 
to increase. 


8 


7 


RXI 


Receive amplifier input. Input impedance 
is >100 kn. Signals from the line and 
sidetone amplifier are summed at RXI. 


9 


8 


RXO 


Receive Amplifier output. RXO is biased 
by a 2.5 mA current source. Feedback 
maintains the dc bias voltage at =0.65 V. 
Increasing R4 (between RXO and RXI) 
will increase the receive gain. C4 stabi- 
lizes the amplifier. C3 couples the signals 
to the receiver. The 2.5 mA current 
source is reduced to 0.4 mA when 
dialing. 


10 


9 


RMT 


Receiver Mute. The ac receiver current is 
returned to V- through an open collec- 
tor NPN transistor and a parallel 10 kft 
resistor. The base of the NPN is con- 
trolled by an internal mute signal. During 
dialing the transistor is off, leaving the 
10 kn resistor in series with the receiver. 



Pin# 
SOIC 


Pm# 
DIP 


Name 


Description 


11 


10 


V- 


Negative supply. The most negative 
input connected to Tip and Ring through 
the polarity guard diode bridge. 


12 


11 


VR 


Regulated voltage output. The VR volt- 
age is regulated at 1.2 V and biases the 
microphone and the speech circuits. An 
internal series pass PNP transistor allows 
for regulation with a line voltage as low 
as 1.5 V. Capacitor C8 stabilizes the 
regulator. 


13 


12 


LC 


DC load capacitor. An external capacitor 
C7 and an internal resistor form a low 
pass filter between V-i- and LR to pre- 
vent ac signals from being loaded by the 
dc load resistor R5. Forcing LC to V- 
will turn off the dc load current and 
increase the V+ voltage. 


14 


13 


LR 


DC load resistor. Resistor R5 from LR to 
V- determines the dc resistance of the 
telephone, and removes power dissipa- 
tion from the chip. The LR pin is biased 
2.8 volts below the V+ voltage (4.5 volts 
in the tone dialing mode). 


15 


14 


V + 


Positive supply. V+ is the positive line 
voltage (from Tip & Ring) through the 
polarity guard bridge. All sections of the 
MC34014 are powered by V + . 


17 


15 


Vdd 


Vdd regulator. Vqd "s the output of a 
shunt type regulator with a nominal volt- 
age of 3.3 V. The nominal output current 
is increased from 550 /aA to 2 mA when 
dialing. Capacitor C9 stabilizes the regu- 
lator and sustains the Vqd voltage dur- 
ing pulse dialing. 


18 


16 


Tl 


Tone input. The DTMF signal from a 
dialer circuit is input at Tl through an 
external resistor R7. The current at Tl is 
amplified to drive the line at V-i-. 
Increasing R7 will reduce the DTMF out- 
put levels. The input impedance at Tl is 
nominally 1.25 ka. 


19 


17 


MS 


Mode select. This pin is connected 
through an internal 600 kn resistor to the 
base of an NPN transistor. A Logic "1" 
(>2.0 V) selects the pulse dialing mode. 
A Logic "0" (<0.3 V) selects the tone 
dialing mode. 


20 


8 


MT 


Mute input. MT is connected through an 
internal 100 kft resistor to the base of a 
PNP transistor, with the emitter at Vdq- 
A Logic "0" «1.0 V) will mute the net- 
work for either pulse or tone dialing. A 
Logic "1" OVdd - 0.3 V) puts the 
MC34014 into the speech mode. 
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FIGURE 1 — TEST CIRCUIT 
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ABSOLUTE MAXIMUM RATINGS (Voltages referred to V-, Ta = 25°C) (See Note 1.) 



Parameter 


Value 


Units 


V+ Voltage 


-1.0, +18 


Vdc 


Vdd (externally applied, V+ = 0) 


-1.0, +6 


Vdc 


vlr 


-1.0, V+ - 3.0 


Vdc 


MT, MS Inputs 


-1.0, Vdd +10 


Vdc 


Storage Temperature 


-65, +150 


°C 


NOTE 1 : Devices should not be operated at these values. The "Recommended Operating Conditions" provide 
conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 


Parameter 


Value 


Units 


V-f Voltage (Speech Mode) 

(Tone Dialing Mode) 


+ 1.5 to +15 
+ 3.3 to +15 


Vdc 
Vdc 


IjXO (Instantaneous) 


Oto 10 


mA 


Ambient Temperature 


-20 to +60 


°c 



ELECTRICAL CHARACTERISTICS (Refer to Figure 1) (Ta = 25°C) 



Parameter 



Symbol 



IVIin 



Typ 



Max 



Units 



LINE INTERFACE 



V+ Voltage 
l|oop = 20 mA (Speech/Pulse Mode) 
l|oop = 30 mA (Speech/Pulse Mode) 
l|oop = 120 mA (Speech/Pulse Mode) 
l|oop = 20 mA (Tone Mode) 
l|oop = 30 mA (Tone Mode) 


V + 


2.6 
3.0 
7.0 
4.1 
4.6 


3.2 
3.7 
8.2 
4.9 
5.4 


3.8 
4.4 
9.5 
5.7 
6.2 


Vdc 


V+ Current (Pin 12 Grounded) 
V+ = 1.7 V (Speech Mode) 
V+ = 12 V (Speech/Pulse Modes) 
V+ = 12 V (Tone Mode) 


1 + 


4.0 
5.5 
6.0 


6.6 
8.4 
8.8 


8.5 
12.5 
14.0 


mA 


LR Level Shift (V+ -Vlr) 
(Speech/Pulse Mode) 
(Tone Mode) 


AVlr 


- 


2.7 
4.3 


- 


Vdc 


LC Terminal Resistance 


Rlc 


36 


57 


94 


ka 



VOLTAGE REGULATORS 



VR Voltage (V+ = 1.7 V) 
Load Regulation (0 mA < Ir < 6.0 mA) 
Line Regulation (2.0 V < V+ < 6.5 V) 


Vr 
AVrld 
AVrln 


1.1 


1.2 
20 
25 


1.3 


Vdc 
mV 
mV 


Vdd Voltage (V+ = 4.5 V) 
Load Regulation (0 < Idd < 1-6 mA) 

(Dialing Mode) 
Line Regulation (All Modes) (4.0 V < V+ < 9.0 V) 
Max. Output Current (Speech Mode) 
Max. Output Current (Dialing Mode) 


Vdd 

avddld 

avddln 

'ddsp 

'dddl 


3.0 

375 
1.6 


3.3 

0.25 
50 

550 
2.0 


3.8 

1000 
3.6 


Vdc 

Vdc 
mV 
mA 
mA 


Vdd Leakage Current (V+ =0, Vdd = 3.0 V) 


'ddlk 


— 


— 


1.5 


M 



SPEECH AMPLIFIERS 



Transmit Amplifier 












Gain (TXI to TXO) 


Atxo 


— 


20 


— 


VA/ 


TXO Bias Voltage (Speech/Pulse Mode) 


Vtxosp 


0.45 


0.52 


0.60 


xVr 


TXO Bias Voltage (Tone Mode Mode) 


Vtxodl 


VR-25 


VR-5.0 


— 


mV 


TXO High Voltage (Speech/Pulse Mode) 


Vtxoh 


VR-25 


VR-5.0 


— 


mV 


TXO Low Voltage (Speech/Pulse Mode) 


Vtxol 


— 


125 


250 


mV 


TXI Input Resistance 


Rtxi 


— 


10 


— 


kn 


Receive Amplifier 












RXO Bias Voltage (Ail Modes) 


Vrxo 


0.45 


0.52 


0.60 


xVR 


RXO Source Current (Speech Mode) 


'rxosp 


1.5 


2.0 


— 


mA 


RXO Source Current (Pulse/Tone Mode) 


'rxodl 


200 


400 


— 


M 


RXO High Voltage (All Modes) 


vrxoh 


VR-100 


VR-50 


— 


mV 


RXO Low Voltage (All Modes) 


Vrxol 


— 


50 


150 


mV 
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ELECTRICAL CHARACTERISTICS — (continued) (Ta = 25°C) 



Parameter 



Symbol 



Min 



Typ 



Max 



Units 



MICROPHONE, RECEIVER CONTROLS 



MIC Saturation Voltage (Speech Mode, 1 = 500 /xA) 


Vqlmic 


- 


50 


125 


mV 


MIC Leakage Current (Dialing Mode, Pin 1 = 3.0 V) 


IMIClk 


- 





5.0 


M 


RMT Resistance (Speech Mode) 
(Dialing Mode) 


Rrmtsp 
Rrmtdl 


5.0 


8.0 
10 


15 
18 


n 

kfl 


RMT Delay (Dialing to Speech) 


tRMT 


2.0 


4.0 


20 


ms 



DIALING INTERFACE 



MT Input Resistance 


Rmt 


58 


100 


— 


kn 


MT Input High Voltage 


V|HMT 


Vdd-0.3 


— 


— 


Vdc 


MT Input Low Voltage 


ViLMT 


— 


— 


1.0 


Vdc 


MS Input Resistance 


Rms 


280 


600 


— 


kn 


MS Input High Voltage 


VlHMS 


2.0 


— 


— 


Vdc 


MS Input Low Voltage 


ViLMS 


— 


— 


0.3 


Vdc 


Tl Input Resistance 


Rti 


— 


1.25 


. — 


ka 


DTMF Gain (See Figure 2) (V+A/|n) 


Adtmf 


3.2 


4.8 


6.2 


dB 



SIDETONE AMPLIFIER 



Gain (TXO to STA) 


ASTA 








dB 


(Speech Mode) @ Vlr = 0.5 V 




— 


-15 


— 




(Speech Mode) @ Vlr = 2.5 V 




— 


-21 


— 




(Pulse Mode) @ Vlr = 0.2 V 




— 


-15 


— 




(Pulse Mode) @ Vlr = 1.0 V 




— 


-21 


— 




STA Bias Voltage (All Modes) 


VSTA 


0.65 


0.8 


0.9 


xVr 



EQUALIZATION AMPLIFIER 



Gain (V+ to EQ) 
(Speech Mode) @ Vlr = 0.5 V 
(Speech Mode) @ Vlr = 2.5 V 
(Pulse Mode) @ Vlr = 0.2 V 
(Pulse Mode) @ Vlr = 1.0 V 


Aeq 


- 


-12 
-2.5 
-12 
-2.5 


- 


dB 


EQ Bias Voltage 
(Speech Mode) @ Vlr = 0.5 V 
(Pulse Mode) @ Vlr = 0.5 V 
(Speech, Pulse) @ Vlr = 2.5 V 


Veq 


- 


0.66 
1.3 
3.3 


- 


Vdc 



NOTE: Typical values are not tested or guaranteed. 



FIGURE 2 — DTMF DRIVER TEST 
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SYSTEM SPECIFICATIONS (Ta = 25°C) (See Figures 1-4) 



Parameter 


Min 


Typ 


Max 


Unit 


Tip-Ring Voltage (including polarity guard bridge drop of 1.4 V) 
(Speech Mode) l|oop = 5.0 mA 
l|oop = 10 mA 
l|oop = 20 mA 
l|oop = 40 mA 
lloop = 60 mA 





2.4 
3.9 
4.6 
5.6 
6.6 


- 


Vdc 


Transmit 
Gain from Vs to V+ (Figure 3) (l|oop = 20 mA) 
Gain change as l|oop 'S increased to 60 mA 
Distortion 
Output noise 


28 
-6.0 


30 

-4.5 
2.0 
11 


31 
-3.6 


dB 

dB 

% 

dBrnc 


Receive 
Vrxq/Vs (f = 1.0 kHz, lloop = 20 mA) (See Figure 4) 
Receive gain change as l|oop 's increased to 60 mA 
Distortion 


-16 
-5.0 


-15 
-3.0 
2.0 


-13 
-2.0 


dB 
dB 

% 


Sidetone Level 
VRXO/V+ (Figures) 

lloop = 20 mA 
lloop = 60 mA 


- 


-36 
-21 


- 


dB 


Sidetone Cancellation 

[^V+° ^'''^^'■^ ^^] dB - [^v+° <'='g"''« 3)] dB lloop = 20 mA 


20 


26 


; 


dB 


DTMF Driver 
V + /Vin (Figure 2) l|oop -= 20 mA 


3.2 


4.8 


6.2 


dB 


AC Impedance 
Speech mode (incl. Cq, See Figure 4) l|oop = 20 mA 
Zac = (600)V + /(Vs - V + ) l|oop = 60 mA 
Tone mode (including Cq) 20 mA < l|oop < 60 mA 


- 


750 
300 
1650 


- , 


n 



NOTE: Typicals are not tested or guaranteed. 



FIGURE 3 — TRANSMIT AND SIDETONE LEVEL TEST 
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FIGURE 4 — AC IMPEDANCE, RECEIVE AND SIDETONE 
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DESIGN GUIDELINES (Refer to Figure 1) 



INTRODUCTION 

The MC34014 is a speech network meant for connec- 
tion to the Tip & Ring lines through a polarity guard 
bridge. The circuit incorporates four amplifiers: trans- 
mit, receive, sidetone, and equalization. Some param- 
eters of each amplifier are set by external components, 
and in addition, the gains of the sidetone and equali- 
zation amplifiers vary with loop current. 

The line interface portion determines the dc volt- 



age versus loop current characteristics, and pro- 
vides the required regulated voltages for internal 
and external use. 

The dialer interface provides three modes of opera- 
tion: speech (non-dialing), pulse dialing, and tone 
(DTMF) dialing. When switching to either dialing mode 
some parameters of the various sections are changed 
In order to optimize the circuit operation for that mode. 
The following table summarizes those changes: 



TABLE 1 — OPERATING PARAMETERS AS A FUNCTION OF OPERATING MODE 



Function 


Speech 


Pulse 


Tone 


LR Level Shift (V+ - Vlr) 


2.7 V 


2.7 V 


4.3 V 


Vdd Source Current 


550 /itA 


2.0 mA 


2.0 mA 


Transmit Amplifier 


Functional 


Functional 


Inoperative 


MIC Switch (Pin 1) 


On 


Off 


Off 


Equalization Amplifier 


See Transfer Curves — Figure 8 


Sidetone Amplifier 


See Transfer Curves — Figure 6 


Receive Amplifier Output Current 


2.5 mA 


400 /xA 


400 AtA 


RMT (Pin 9) Impedance 


8.0 n 


10 kO 


10 kn 


DTMF Amplifier 


Inoperative 


Inoperative 


Functional 


CC Voltage 


Vlr/3 


Vlr 


Vlr 



DC LINE INTERFACE (Figure 5) 

The dc line interface circuit (Pins 10, 12-14) sets the 
dc voltage characteristics with respect to the loop cur- 
rent. The loop current enters at Pin 14 where the internal 
circuitry of the MC34014 draws 5-6 mA. Pin 3 sinks 
(typically) 3 mA through Rg. The remainder of the loop 
current is passed through Q301 and R5. The resulting 
voltage across the entire circuit is therefore equal to the 
voltage across R5, plus the level shift voltage from Pin 
13 (LR) to Pin 14 (V + ), nominally 2.7 volts in the speech 
and pulse modes. In the tone mode, the level shift in- 
creases to 4.3 volts, the internal current changes slightly 
(Figure 6), and the current required at Pin 3 decreases 
to near zero. These changes Increase the equivalent dc 



resistance of the circuit, raising the voltage at V+ to 
ensure adequate voltage at VpD for the external tone 
dialer. See Figure 7 for typical voltage versus loop cur- 
rent characteristics. 

Capacitor C7 at Pin 12 provides high frequency rolloff 
(above 10 Hz) so that R5 does not load down the speech 
and DTMF signals. 

The voltage at Vr is an internally regulated 1.2 volt 
supply which provides the bias currents for the micro- 
phone and the transmit amplifier output (Pin 3), as well 
as internal bias for the various amplifiers. Capacitor Cs 
stabilizes the regulator. The use of an (Internal) PNP 
transistor allows Vr to be regulated with a V+ voltage 
as low as 1.5 volts. 



FIGURE 5 — DC LINE INTERFACE 
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FIGURE 6 — INTERNAL CURRENT versus VOLTAGE 



FIGURE 7 — CIRCUIT VOLTAGE versus LOOP CURRENT 
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TRANSMIT AMPLIFIER 

The transmit amplifier (from TXI to TXO) is inverting, 
with a fixed internal gain of 20 MN (26 dB), and a typical 
input impedance of 10 kfl (Figure 8). The input bias cur- 
rents are internally supplied, allowing capacitive cou- 
pling of the microphone signals to the amplifier. 

In the speech and pulse modes, the dc bias level at 
TXO is typically 0.52 x VR («0.63 V), which permits 
the output to swing 0.55 volts In both positive and 
negative directions without clipping. The ac voltage 
signal at TXO (the amplified speech signal) is con- 
verted to an ac current by Rg. The ac current passes 



through the VR series pass transistor to V + , modu- 
lating the loop current. The voltage signal at V+ is out 
of phase with the signal at TXI. 

In the tone dialing mode, the TXO dc bias level is 
clamped at approximately VR-10 mV, rendering the am- 
plifier inoperative. This action also reduces the TXO bias 
current from 3.0 mA to less than 125 \xfK. 

MIG (Pin 1) is connected to an open-collector NPN 
transistor, and provides the ground path for the micro- 
phone bias current. In either dialing mode, the transistor 
is off, disabling the microphone. 



FIGURE 8 — TRANSMIT SECTION 
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SIDETONE AMPLIFIER 

The sidetone amplifier provides inversion of the 
TXO signal for the reduction of the sidetone signal at 
the receive amplifier (Figure 8). Resistors R2 and R3 
determine the amount of sidetone cancellation. Ca- 
pacitor Ci provides phase shift to compensate for the 
phase shift created by the complex impedance of the 
Tip & Ring lines. 

The gain of the sidetone amplifier varies with the volt- 
age at LR (Pin 13), in effect making it a function of the 
loop current. The maximum gain is -15 dB (0.17 VA/) 
at low loop currents, and the minimum gain is -21 dB 
(0.09 VA/) at high loop current (see Figure 9 for transfer 
curves). For example, using 47 O for R5, the gain would 
begin to decrease at —30 mA, and would stop decreas- 
ing at —57 mA (speech mode). The dc bias voltage at 
STA (Pin 4) changes slightly (-50 mV) with variations 
in loop current. The output is inverted from TXO, which 
is the input to this amplifier. Since the transmit amplifier 
is inoperative in the tone dialing mode, the sidetone 
amplifier is also Inoperative in that mode. 



FIGURE 9 — SIDETONE AMPLIFIER GAIN 
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RECEIVE AMPLIFIER 

The gain of the receive amplifier (from V+ to RXO) 
is determined according to the following equation (refer 
to Figure 10): 

VrXQ _R4 , (XC//R2) (Aeq) (AtXQ) (AsTA)xRaxR4 
V+ Ri ((Xc//R2) + R3)(RA + R6)xR2 

Where Ra = Rs/ZIO kH (10 kd = Rjp of Tx Amp) 
Aeq = Gain of Equalization Amp 
Ajxo = Gain of Transmit Amp (20 VA/) 
AsTA ^ ^9'" of sidetone Amp 
Xc = Impedance of Ci at frequency of 
interest 

The waveform at STA (Pin 4) is in phase with that at 
V+ (for receive signals), hence the plus sign between 
the terms. Due to the variations of Aeq and AsTA with 



loop current, the receive gain will vary by -1.5 dB. If 
capacitor Ci is not used, the above equation is simpli- 
fied by deleting the terms containing Xq. 

The output at RXO is inverted from V+ in the receive 
mode. In the transmit mode, the V + -to-RXO phase re- 
lationship depends on the amount of sidetone cancel- 
lation (determined by R2 and R3 and Ci), and can vary 
from 0° to 180°. 

In the speech mode, the output current capability (at 
RXO) is typically 2.0 mA. In either dialing mode, the 
current capability is reduced to 400 )u-A in order to reduce 
internal current consumption. This feature is beneficial 
when this device is used in conjunction with a line-pow- 
ered speakerphone circuit, such as the MC34018, where 
the majority of the loop current is needed for the 
speakerphone. 

RMT (Pin 9) is the return path for the receiver's ac 
current. This pin is internally connected to an open col- 
lector NPN transistor, paralleled by a 10 kH resistor. In 
the speech mode, the transistor is on, providing a low 
impedance from RMT to ground. In either dialing mode, 
the transistor is off, muting the receive signal. This pre- 
vents loud "clicks" or loud DTMF tones from being 
heard in the receiver during dialing. When switching 
from either dialing mode to the speech mode (MT 
switches from low to high), the RMT pin switches back 
to a low impedance after a delay of 2-20 ms. The delay 
reduces clicks in the receiver associated with switching 
from the dialing to speech mode. 



EQUILIZATION AMPLIFIER 

The equalization amplifier gain varies with loop cur- 
rent, and is configured in the circuit so as to cause a 
variation of the network ac impedance (when looking in 
from the Tip & Ring lines). The gain varies with the 
voltage at LR (Pin 13), in effect making it a function of 
the loop current. The maximum gain is -2.5 dB (0.75 
VA/) at high loop current, and the minimum gain is - 12 
dB (0.25 V/V) and low loop current (see Figure 11 for 
transfer curve). For example, using 47 Q, for R5, the gain 
would begin to increase at -30 mA, and would stop 
increasing at -57 mA (speech mode). The output signal 
is in phase with the signal at V + , which is the input to 
this amplifier. 

The dc bias level at EG (Pin 6) varies with the voltage 
at LR (Pin 13) according to the curve of Figure 12. In 
most applications, this level shift is of little conse- 
quence, and may be ignored. If a particular circuit con- 
figuration should be sensitive to the shift, however, 
the output signal at EQ may be ac coupled to the rest 
of the circuit. 

The equalization amplifier remains functional in all 
three modes, although in the tone mode, its function 
has no consequence when the circuit is configured as 
shown in Figure 1. 

Vdd REGULATOR 

The Vdd regulator is a shunt type regulator which 
supplies a nominal 3.3 volts for external dialers, and/or 
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other circuitry. In the speech mode, the output current 
capability at Pin 15 is typically 550 /uA. In either dialing 
mode, the current capacity is increased to 2.0 mA. 

Vdd will be regulated whenever V+ is >300 mV 
above the regulated value. As V+ is lowered, and the 
internal pass transistor becomes saturated, the circuit 
steers current away from the external load through an 
internal current source, in order that the Vdd capacitor 
{C9) does not load down speech and DTMF signals at 
V + . As V+ is lowered below 1 volt. Pin 15 switches 
to a high impedance state to prevent discharging of 
any storage capacitors, or batteries used for memory 
retention. 

The Vdd voltage is unaffected by the choice of op- 
erating mode. 

DIALER INTERFACE 

The dialer interface consists of the mode control 
pins, MT and MS (Pins 18 and 17), and the DTMF cur- 
rent amplifier. 

The MT pin, when at a Logic "1" (> Vdd ~ 0-3 V), 
sets the circuit Into the speech mode, independent of 
the state of the MS pin. When the MT pin is at a Logic 
"0" (< 1 .0 V), the dialing mode is determined by the MS 
pin. When MS is at a Logic "1" (> 2.0 V), the circuit Is 
in the pulse dialing mode, and when at a Logic "0" (< 
0.3 V) the tone (DTMF) mode is in effect. 

The input impedance of the MTpin is typically 100 
kn, with the input current flowing out of the pin 
(from Vdd)- The input impedance of the MS pin is 
typically 600 kO, and the input current flows into the 
pin (Figure 1). 

The DTMF amplifier (Figure 13) is a current amplifier 
which transmits DTMF signals to the V+ pin, and con- 
sequently onto the Tip & Ring lines. Waveforms from a 
DTMF dialer are input at Tl (Pin 16) through a current 
limiting resistor (Ry). Negative feedback around the am- 
plifier reduces the overall gain so that return loss spec- 
ifications may be met. The voltage gain is calculated 
using the following equation: 



V + 
Vi 



80 Re 



(1 + O.795R7 + O.4RER7) 



(Re, Ry in kO) 

where Re = Rl//2 kft (2 kft = internal dynamic 

impedance) 

Using 22 kfl for R7, and 600 ft for Rl, the voltage 
gain is a nominal 4.3 dB. The minimum loop current 
at which the circuit of Figure 1 will operate without 
distortion Is 12 mA. 

The DTMF amplifier is functional only in the tone 
dialing mode, and the waveform at V+ is inverted 
from that at Tl. The Tl pin requires a dc bias current 
(into the pin) of 20-50 fiA, which may be supplied by 
the Tone dialer circuit, or by using the biasing scheme 
of Figure 14. 



CC (PIN 5) 

The CC pin (Compensation Capacitor) has two func- 
tions: 1 ) to provide equalization loop stability where the 
normal stabilizing components are ineffective; and 2) 
to allow optional control of the equalization functions. 

In most applications, the capacitor at LC (Pin 12) pro- 
vides the required stability, and no further compensa- 
tion is required. In applications where changes are 
forced at Pin 12 and/or 13 (e.g., see Figure 23), the LC 
capacitor's effectiveness may be lost. The addition of a 
10 /aF capacitor to Pin 5 will provide the required ad- 
ditional compensation. 

The CC pin may be used to force the loop length com- 
pensation circuits to specific modes. Grounding CC will 
set the sidetone and equalization amplifiers at the low 
loop current values. Connecting CC to Vr will set the 
amplifiers at the high loop current values. 

Variations in the curves of Figures 9 and 11 may be 
obtained by using external resistors from LR to CC, and 
from CCto V-. 
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FIGURE 10 — RECEIVE CIRCUIT 
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FIGURE 11 — EQUALIZATION AMPLIFIER GAIN 



FIGURE 12 — EQ (PIN 6) DC VOLTAGE 
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FIGURE 13 — DTMF TONE DIALER 
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APPLICATIONS INFORMATION 



AC IMPEDANCE 

One of the basic problems with early telephones is 
that the performance varied with different line lengths 
(distance from the Central Office to the telephone). If a 
particular phone were optimized for short loops and 
then connected to a long loop, both the transmitted and 
receive signals would be difficult to hear. On the other 
hand, phones optimized for long loops would then be 
annoyingly loud on short loops. The process of equal- 
ization is one whereby the performance is forced to vary 
with loop length inversly to the expected variations. 
Monitoring of loop length is accomplished by monitor- 
ing the loop current at the telephone. In the MC34014, 
loop length equalization is provided by varying the ac 
impedance of the telephone circuit. In this manner the 
MC34014 mimics a passive network, with varistors pro- 
viding the equalization. 

Figure 15 depicts the situation in the receive mode. 
The receive signal coming from the Central Office is Vs 
and is independent of the loop length. Zr is the ac 
impedance of the Central Office, nominally 900 O. Zl is 



the characteristic impedance of the phone line, and is 
a nominal 600 Cl. The signal applied to the line (Vi) is 
therefore a portion of Vs- That signal is attenuated by 
the distributive impedance of the phone line, with a re- 
sulting signal V2 at the telephone. The amplitude of V2 
depends on the amount of attenuation, the impedance 
of the phone line at the telephone and the ac impedance 
of the telephone (Zac)' according to: 



V2 = 



Vl X Zac 
Zac + Zl 



where Vi is the equivalent signal source at the re- 
ceive end of the phone line, providing the signal V2 
through the impedance equal to the characteristic 
impedance of the line (Zl). The value of Vi depends 
on how much Vi has been attenuated by the length 
of phone line. By increasing Zac on long loops, V2 is 
a greater portion of Vi, resulting in a stronger receive 
signal at the telephone. 



FIGURE 15 — RECEIVE MODE 
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Figure 16 depicts the situation in the transmit mode. 
In this mode, the MC34014 is an ac current source, with 
a finite output impedance, modulating the loop current. 
The voltage signal Vi is therefore equal to the ac signal 
current acting on Zgc in parallel with the characteristic 



impedance of the phone line (Z\J. The signal is atten- 
uated by the distributive impedance of the phone line, 
and so only a portion of that signal (V2) appears at the 
Central Office. By increasing Zac on long loops, Vi Is 
increased, resulting in a higher signal level at V2. 



FIGURE 16 — TRANSMIT MODE 
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The ac impedance of the telephone circuit is deter- 
mined by the transmit amplifier, equalization amplifier, 
and external resistors Hq, Rq, and Rg. In Figure 17, a 
portion of the receive signal at V+ appears at EQ. That 
signal is reduced at TXI by the Hq-Rq divider (the electret 
microphone is a high impedance). The signal at TXI is 
then amplified by 20, and that signal (at TXO) is con- 
verted to an ac current by R9. The ac impedance of the 
circuit is therefore V + /ljxO/ and is defined by the fol- 
lowing equation: 

7 ^ (1 + Rs/Re) (R9) 
^^ 20 X A X (Rs/Re) 
where A = the gain of the equalization amplifier 
(0.25 to 0.75) 



Since the gain of the equalization amplifier varies by 
a factor of 3, the ac impedance will vary the same 
amount. Using the resistor values indicated in Figure 1, 
the ac impedance will vary from 280 H (short loop) to 
840 n (long loop). 

When calculating or measuring the ac impedance, ca- 
pacitor Cq («8.0 kft at 1.0 kHz) and the dynamic imped- 
ance of the MC34014 (—10 kfl) must be taken into ac- 
count. If the microphone has an impedance lower than 
that of a typical electret, then its dynamic impedance 
must be accounted for in the above equation. 



FIGURE 17 — DETERMINING AC IMPEDANCE 
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If a variation in Zqq of less than 3:1 is desired, the 
circuit configuration of Figure 18 may be used. The ac 
impedance is the parallel combination of Rx and the 



impedance presented by the remainder of the circuit. 
With the values shown in Figure 18, the ac impedance 
varies from 400 H to 800 fl. 



FIGURE 18 — REDUCED AC IMPEDANCE VARIATION 
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TRANSMIT DESIGN PROCEDURE 

Referring to Figure 17, first select Rg for the desired 
maximum output level at Tip & Ring, assuming a signal 
level at TXO of 1.0 V p-p. The maximum signal level at 
Tip & Ring will be approximately: 

(Vtxo) (Zl) 

R9 

where Zl is the characteristic ac impedance of the 
phone line. Capacitor Cq and the =10 kfl dynamic 
impedance of the MC34014 must also be considered 
in the above computation, since they are in parallel 
with Zl. 

The next step is to select the Hq/Rq ratio, according 
to the required Zqq, using the equation on the previous 
page. Then Rs is selected to set the microphone sen- 
sitivity. Rs is typically in the range of 0.5 k to 1.5 kO, 
and is dependent on the characteristics of the micro- 
phone. Hq Is then calculated from the above men- 
tioned ratio. 



HANDSET/HANDS-FREE TELEPHONE 

Figure 23 indicates a circuit using the MC34014 
speech network, MC3401 8 speakerphone circuit, and the 
MC34017 tone ringer to provide a complete telephone/ 
speakerphone. Switch HS (containing one normally 
open and one normally closed contact) is the hook 
switch actuated by the handset, shown in the on-hook 
position. When the handset is off-hook (HS1 open, HS2 
closed), power is applied to tjhe MC34014, and conse- 
quently the handset, and the CS pin of the MC34018 is 
held high so as to disable it. Upon closing the two poles 
of switch SS, and placing switch HS in the on-hook po- 
sition, power is then applied to both the MC34014 and 
the MC34018, and CS is held low, enabling the speak- 
erphone function. Anytime the handset is removed from 
switch HS, the circuit reverts to the handset mode. The 
diode circuitry sets the MC34014 to the pulse dialing 
mode to mute the handset microphone and receiver 
when using the speakerphone. To compensate for the 
different equalization responseof the MC34014when in 



FIGURE 19 — ALTERNATE MICROPHONE BIAS 
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FIGURE 20 — INTERFACING A DYNAMIC MICROPHONE 
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The overall gain from the microphone to V+ will vary 
with loop current due to the influence of the equalization 
amplifier on TXI. The signal at EQ Is out of phase with 
that at TXI, therefore the signal at V + decreases as loop 
current (and the EQ signal) increases. Variations are typ- 
ically 2.0 to 5.0 dB and depend largely on the impedance 
characteristics of the microphone. 

ALTERNATE MICROPHONE BIASING 

In the event that the microphone cannot be properly 
biased from the 1 .2 volt VR supply, a higher voltage can 
be obtained by biasing from the V+ supply. The con- 
figuration shown in Figure 1 9, provides a higher voltage 
to the microphone, and also filters the speech signals 
at V+ from reaching It, preventing an oscillatory loop 
from forming. The maximum voltage limit of the 
microphone must be considered when biasing this way. 

If a dynamic microphone is to be used in place of an 
electret unit, the circuit in Figure 20 will buffer its low 
impedance from the MC34014 circuit, maintaining the 
high Impedance required at the junction of Rs and Rq. 
The circuit shown provides a gain of ~2.6 for the mi- 
crophone signals, and can be adjusted by varying the 
160 n resistor. 



the pulse dialing mode (Figures 9 and 11), the 47 fl re- 
sistor normally found at Pin 13 of the MC34014 is instead 
divided into two resistors (33 H and 1 5 fl). This arrange- 
ment provides similar equalization response in both the 
handset and in the speakerphone modes. Since the LC 
capacitor (Pin 12) is Ineffective In the speakerphone 
mode, a capacitor is added at Pin 5 (CC) to provide com- 
pensation for the equalization loop when the speaker- 
phone mode is in effect. 

SWITCHABLE TONE/PULSE TELEPHONE 

Figure 21 indicates a switchable tone/pulse telephone 
circuit using the MC145412 tone/pulse dialer, MC34014 
speech network, and the MC34017 tone ringer. The di- 
aler is programmable, and can store up to 10 phone 
numbers. As can be seen, the interface to the MC34014 
Is straightforward. 

PULSE ONLY TELEPHONE 

Figure 22 indicates a pulse only telephone circuit us- 
ing the MC145409 pulse dialer, MC34014 speech net- 
work, and the MC34017 tone ringer. The dialer has last 
number redial, and provides a pacifier tone to the re- 
ceiver during dialing. 



MC34014 
2-358 



MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 21 — COMPLETE TELEPHONE WITH PULSEATONE DIALING 



Tip 

o- 



Ring 

o- 



250 V 

NP" 

6.8 k 



1.0 



1N4004(4) 




6 ^160 k 



■fJe 



5 15 k 



Keypad 



3.58 MHz □ 



1N5274 
(130 V) 



Vdd 



OPL 

DTMF 

MO 



S OH 



Rl 
R2 
R3 
R4 

C3 

C2 .| 

Cl 

OSCi 



Qscovss 



j*C 



(^ 2N54 



—i — [2N5550 



Hook Switch 
2N2222A 




DQ 



R8 

500 C5 
0.05 nf 

10 k 



R6 



Microphone 



~31 C8 
'?>2.0/iF 



TXO Vr V + 

LC 

TXI LR 



MIC^ 

O V- 



R547I 

R3 " R2 
3.3 rL4.3 k 



MS 



RXO 



VpD RMT 



/J 

J_ Pulse 



T 



0.05^ 



^C9 
■±r30nF 



C6 I 
:R1 ^/iF 
240 k 



0.05 /iF 
!C3 



5?t>io/'; 



T^e■ 



m 



- 0.05 /xF 



FIGURE 22 — COMPLETE TELEPHONE WITH PULSE DIALING 
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FIGURE 23 — SWITCHABLE HANDSET/HANDSFREE SYSTEM 
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Diodes: 1N4148 except where noted. 
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Recommended External Components 
Piezo Sounder 

Models KSN 1113-1116 
Motorola, Inc. 
Albuquerque, N.M. 
505-822-8801 



Microphone/Receiver 

Microphone model EM-95 
Receiver model DH-34 
Primo Microphone, Inc. 
Elk Grove Village, III. 
312-595-1022 



Microphone Mode! KUC2123 
Hosiden Electronics 
Chicago, III. 
312-956-7707 



TRANSIENT PROTECTION & RFI SUPPRESSION 

Protection from voltage transients is necessary in 
most telephone circuits, and may take the form of zener 
diodes, RC or LC filters, transient suppressors, or a com- 
bination of the above. 

Potential radio frequency interference problems 
should be addressed early in the electrical and me- 
chanical design of the telephone. RFI may enter the cir- 



cuitry through the Tip & Ring lines, through the micro- 
phone and/or receiver leads in the handset cord, or 
through any of the wiring or PC board traces. Ceramic 
decoupling capacitors, ferrite beads, and other RFI 
suppression techniques may be needed. Good PC board 
design techniques, such as the avoidance of loops, 
should be used. Long tracks on high impedance nodes 
should be avoided. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



IVIC34017 



TELEPHONE TONE RINGER 

• Complete Telephone Bell Replacement Circuit with Minimum 
External Components 

• On-Chip Diode Bridge and Transient Protection 

• Direct Drive for Piezoelectric Transducers 

• Push Pull Output Stage for Greater Output Power Capability 

• Base Frequency Options — MC3401 7-1: 1.0 kHz 

MC34017-2: 2.0 kHz 
MC34017-3: 500 Hz 

• Input Impedance Signature iVIeets Bell and EIA Standards 

• Rejects Rotary Dial Transients 



TELEPHONE 
TONE RINGER 

BIPOLAR LINEAR/I^L 




PLASTIC PACKAGE 
CASE 626 



APPLICATION CIRCUIT 



Ring - 



TiP-*^ 1( ^AA^ 

I.OjLtF 6.8 k 




MC34017-1: C = 1000 pF 
MC34017-2: C = 500 pF 
MC34017-3: C = 2000 pF 



MC34017 
2-362 



MOTOROLA COMMUNICATIONS DEVICE DATA 



APPLICATION CIRCUIT PERFORMANCE (Refer to Circuit on First Page.) 



Characteristic 


Typical Value 


Units 


Output Tone Frequencies 

MC34017-1 

MC34017-2 

MC34017-3 
Warble Frequency 


808/1010 

1616/2020 

404/505 

12.5 


Hz 


Output Voltage 
<V| ^ 60 Vrms' 20 Hz) 


37 


Vp.p 


Output Duty Cycle 


50 


% 


Ringing Start Input Voltage (20 Hz) 


36 


^rms 


Ringing Stop Input Voltage (20 Hz) 


21 


^rms 


Maximum ac Input Voltage (^ 68 Hz) 


150 


^rms 


Impedance When Ringing 
V, = 40Vrr^3,15Hz 
V| = 130Vrm3,23Hz 


>16 
12 


kn 


Impedance When Not Ringing 
V, = 10Vrm3,24Hz 
V, = 2.5Vr^3,24Hz 
V| = 10Vr^3,5.0Hz 
V| = 3.0 Vrms' 200-3200 Hz 


28 
>1.0 

55 
>200 


ka 
Ma 
kn 
kn 


Maximum Transient Input Voltage 
(T ^ 2.0 ms) 


1500 


V 


Ringer Equivalence: Class A 
Class B 


0.5 
0.9 


— 



PIN DESCRIPTIONS 



Name 


Description 


ACi,AC2 


The input terminals to the full-wave diode bridge. The ac ringing signal from the telephone line 
energizes the ringer through this bridge. 


RS 


The input of the threshold comparator to which diode bridge current is mirrored and sensed 
through an external resistor (R3). Nominal threshold is 1.2 volts. This pin internally clamps at 1.5 
volts. 


Rl 


The positive supply terminal for the oscillator, frequency divider and output buffer circuits. 


R01, R02 


The tone ringer output terminals through which the sound element is driven. 


RG 


The negative terminal of the diode bridge and the negative supply terminal of the tone 
generating circuitry. 


RC 


The oscillator terminal for the external resistor and capacitor which control the tone ringer 
frequencies (R2, C2). 



MAXIMUM RATINGS (Voltages Referenced to RG. Pin 7) 



Parameter 


Value 


Unit 


Operating AC Input Current (Pins 1, 8) 


20 


mA, RMS 


Transient Input Current (Pins 1, 8) (T<2.0 ms) 


±300 


mA, peak 


Voltage Applied at RC (Pin 6) 


5.0 


V 


Voltage Applied at RS (Pin 5) 


5.0 


V 


Voltage Applied to Outputs (Pins 2, 3) 


-2.0toVR| 


V 


Power Dissipation (@ 25°C) 


1.0 


W 


Operating Temperature Range 


-20 to +60 


°C 


Storage Temperature Range 


-65 to +150 


°C 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC34017 
2-363 



ELECTRICAL CHARACTERISTICS (T^ = 25°C) 



Characteristic 


Test 


Symbol 


Min 


Typ 


Max 


Units 


Ringing Start Voltage 
(Vstart = V| @ Ring Start) 
V|>0 
V,<0 


la 
lb 


Vstart( + ) 
Vstart(-) 


34 
-34 


37.5 
-37.5 


41 
-41 


Vdc 


Ringing Stop Voltage 
(Vstop = V| @ Ring Stop) 
MC34017-1 
MC34017-2 
MC34017-3 


1c 


Vstop 


14 
12 
14 


16 
14 
16 


22 
20 
22 


Vdc 


Output Frequencies (V| = 50 V) 
IViC34017-1 High Tone 
Low Tone 
Warble Tone 
MC34017-2 High Tone 
Low Tone 
Warble Tone 
MC34G17-3 High Tone 
Low Tone 
Warble Tone 


Id 


fw 

t 

fw 

;" 

fw 


937 
752 
11.5 
1874 
1504 
11.5 
937 
752 
23 


1010 
808 
12.5 
2020 
1616 
12.5 
1010 
808 
25 


1083 
868 

14 
2166 
1736 

14 
1083 
868 

28 


Hz 


Output Voltage (V| = 50 V) 


6 


Vo 


34 


37 


43 


Vp 


Output Short-Circuit Current 


2 


'rOI' 'r02 


35 


60 


80 


mAp.p 


Input Diode Voltage 
(l| = 5.0 mA) 


3 


Vd 


5.4 


6.2 


6.8 


Vdc 


Input Voltage — SCR Off 
(l| = 30 mA) 


4a 


Voff 


30 


38 


43 


Vdc 


Input Voltage — SCR On 
(1, = 100 mA) 


4b 


Von 


3.2 


4.1 


6.0 


Vdc 


RS Clamp Voltage 
(V, = 50 V) 


5 


^clamp 


1.3 


1.5 


1.8 


Vdc 
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CIRCUIT DESCRIPTION 



The MC34017 Tone Ringer derives its power supply 
by rectifying the ac ringing signal. It uses this power to 
activate a tone generator and drive a piezo-ceramic 
transducer. The tone generation circuitry includes a re- 
laxation oscillator and frequency dividers which pro- 
duce high and low frequency tones as well as the tone 
warble frequency. The relaxation oscillator frequency ^q 
is set by resistor R2 and capacitor C2 connected to pin 
RC. The oscillator will operate with fg from 1.0 kHz to 
10 kHz with the proper choice of external components 
(See Figure 1). 

The frequency of the tone ringer output signal at R01 
and R02 alternates between fgM to fQ/5. The warble 
rate at which the frequency changes is fQ/320 for the 
MC34017-1, fo/640 for the MC34017-2, and fo/160 for 
the MC34017-3. With a 4.0 kHz oscillator frequency, the 
I\/1C34017-1 produces 800 Hz and 1000 Hz tones with a 
12.5 Hz warble rate. The MC34017-2 generates 1600 Hz 
and 2000 Hz tones with a similar 12.5 Hz warble fre- 
quency from an 8.0 kHz oscillator frequency. The 
MC34017-3 will produce 400 Hz and 500 Hz tones with 
a 1 2.5 Hz warble rate from a 2.0 kHz oscillator frequency. 
The tone ringer output circuit can source or sink 20 mA 
with an output voltage swing of 37 volts peak-to-peak. 
Volume control is readily implemented by adding a 
variable resistance in series with the piezo transducer. 

Input signal detection circuitry activates the tone 
ringer output when the ac line voltage exceeds pro- 
grammed threshold level. Resistor R3 determines the 
ringing signal amplitude at which an output signal at 
R01 and R02 will be generated. The ac ringing signal 
is rectified by the internal diode bridge. The rectified 
input signal produces a voltage across R3 which is ref- 
erenced to RG. The voltage across resistor R3 is filtered 
by capacitor C3 at the input to the threshold circuit. 



FIGURE 1 — OSCILLATOR PERIOD (1/fo) versus 
OSCILLATOR R2 C2 PRODUCT 
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When the voltage on capacitor 03 exceeds 1 .2 volts, the 
threshold comparator enables the tone ringer output. 
Line transients produced by pulse dialing telephones 
do not charge capacitor 03 sufficiently to activate the 
tone ringer output. 

Capacitors 01 and 04 and resistor R1 determine the 
10 volt, 24 Hz signature test impedance. 04 also pro- 
vides filtering for the output stage power supply to pre- 
vent droop in the square wave output signal. Six diodes 
in series with the rectifying bridge provide the neces- 
sary non-linearity for the 2.5 volt, 24 Hz signature tests. 

An internal shunt voltge regulator between the Rl and 
RG terminals provides dc voltage to power output stage, 
oscillator, and frequency dividers. The dc voltage at Rl 
is limited to approximately 22 volts in regulation. To 
protect the 10 from telephone line transients, an SOR is 
triggered when the regulator current exceeds 50 mA. 
The SOR diverts current from the shunt regulator and 
reduces the power dissipation within the 10. 



EXTERNAL COMPONENTS 



Rl 


Line input resistor. Rl affects the tone 
ringer input impedance. It also influences 
ringing threshold voltage and limits current 
from line transients. 
(Range: 2.0 kn to 10 kn). 


CI 


Line input capacitor. 01 ac couples the tone 
ringer to the telephone line and controls ringer 
input impedance at low frequencies. 
(Range: 0.4 /xF to 2.0 /tF). 


R2 


Oscillator resistor. 
(Range: 150 ka to 300 kH). 


C2 


Oscillator capacitor. 
(Range: 400 pF to 3000 pF). 


R3 


Input current sense resistor. R3 controls the 
ringing threshold voltage. Increasing R3 
decreases the ring-start voltage. 
(Range: 5.0 kH to 18 kd). 


C3 


Ringing threshold filter capacitor. 03 filters the 
ac voltage across R3 at the input of the ringing 
threshold comparator. It also provides dialer 
transient rejection. 
(Range: 0.5 /aF to 5.0 /xF). 


04 


Ringer supply capacitor. 04 filters supply 
voltage for the tone generating circuits. 
It also provides an ac current path for the 
10 Vpppig ringer signature impedance. 
(Range: 1.0 \xV\o 10 /^F). 



100 200 300 

R2C2 (Ats) 
(1/fo = 1.45 R2C2 + 10/is) 



400 



500 
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FIGURE 2 — TEST ONE 



6.8 k 
V| O ^AA^ 




MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 



a. Increase V| from +33 volts while monitoring 
Vq. Vstart^"*"^ equals V| when Vq commences 
switching. 

b. Decrease V| from -33 volts while monitoring 
Vq. V5^art^~^ equals V| when Vq commences 
switching. 

c. Decrease V| from +40 volts while monitoring 
Vq. Vstop equals V| when Vq ceases 
switching. 

d. Set V| to +50 volts. Close SI. Measure 
frequencies f^, fL, and fy^. 



IC1— MC14011B 

IC2— MC14538B 

Vdd = 12V 

*lndicates 1% tolerance 
(5% otherwise) 



Q1— 2N3904 



12| S, 



-@'h 



^i 



-^ 



rw 



MC34017-1: R = llOkft* 
MC34017-2: R = 55 kn* 
MC34017-3: R = llOkn* 
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FIGURE 3 — TEST TWO 



50 V 




:=lV, 



RC 



With V| 



RC = 



MC34017- 
MC34017- 
MC34017- 



•1: C = 1000 pF* 
2: C = 500 pF* 
•3: C = 1000 pF* 



*lndicates 1% tolerance (5% otherwise) 



0.2 /aF 

4.0 volts, close S^ . Switch S2 to Pin 2 and measure 
current at Pin 2 (I0I ). Repeatedly switch VpQ between 4.0 volts 
and volts until Pin 2 current changes polarity. Measure the 
opposite polarity current (lo2). Calculate: 
IrOI = |lo1| + |lo2| 
Switch S2 to Pin 3 and repeat. 
Calculate: 
Ir02 = |lo1| + |lo2| 



FIGURE 4 — TEST THREE 



i(Ti 



5.0 
mA 






0.047^ilFl V" 



X" 



►390n 



AC 



*lndicates 1% tolerance (5% otherwise) 



"V^ 



AC, 



R01 RG 

DUT RC 
R02 

Rl RS 



f ^AA/ — <• 160 k* 

He— c 



t— WV 1 15 k* 



Measure voltage at Pin 1. 



).2fxF 



MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 
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FIGURE 5 — TEST FOUR 



V 



(b 




MC34017-1: C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017.3: C = 1000 pF* 



*lndicates 1% tolerance (5% otherwise) 



« — ^AA< — «' 160 k* 



0.2 AtF 



a. Set l| to 30 mA. Measure voltage at Pin 1 

(VoffI- 

b. Set l| to 100 mA. Measure voltage at Pin 1 



(Each test < 30 ms) 



FIGURE 6 — TEST FIVE 



r 
I 



6.8 k* 
-WAr- 



"V^ 



MC34017-1:C = 1000 pF* 
MC34017-2: C = 500 pF* 
MC34017-3: C = 1000 pF* 

*lndicates 1% tolerance (5% otherwise) 



ACr 



R01 RG 

DUT RC 
R02 

Rl RS 



He- 



^_-VVA* ' 



• WV— ( 1 160 k* Measure voltage at Pin 5 (Vdamp)- 



C 

15 k* 



i 



^clamp 
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FIGURE 7 — TEST SIX 




— V, 



MC34017-1: C = 1000 pF* 
MC34017-2: C - 500 pF* 
MC34017-3: C = 1000 pF* 

^Indicates 1% tolerance (5% otherwise) 



RC 



With VpQ = 4.0 volts, close S-j. Measure dc voltage between 

Pins 2 and 3 (Vol). Repeatedly switch VpQ between 4.0 volts 

and volts until Pins 2 and 3 change state. Measure the new 

voltage between Pins 2 and 3 (Vo2). 

Calculate: 

Vq = |Vo1| + |Vo2| 
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Specifications and Applications 
Information 



VOICE SWITCHED SPEAKERPHONE CIRCUIT 

The MC34018 Speakerphone integrated circuit incorporates the 
necessary amplifiers, attenuators, and control functions to pro- 
duce a high quality hands-free speakerphone system. Included 
are a microphone amplifier, a power audio amplifier for the 
speaker, transmit and receive attenuators, a monitoring system 
for background sound level, and an attenuation control system 
which responds to the relative transmit and receive levels as well 
as the background level. Also included are all necessary regulated 
voltages for both internal and external circuitry, allowing line- 
powered operation (no additional power supplies required). A 
Chip Select pin allows the chip to be powered down when not in 
use. A volume control function may be implemented with an 
external potentiometer. MC34018 applications include speaker- 
phones for household and business use, intercom systems, au- 
tomotive telephones, and others. 

• All necessary level detection and attenuation controls for a 
hands-free telephone in a single integrated circuit 

• Background noise level monitoring with long time constant 

• Wide operating dynamic range through signal compression 

• On-chip supply and reference voltage regulation 

• Typical 100 mW output power (into 25 Ohms) with peak limiting 
to minimize distortion 

• Chip Select pin for active/standby operation 

• Linear Volume Control Function 

• Standard 28-pin plastic DIP package (0.600 inch wide) and SOIC 
package 



VOICE SWITCHED 
SPEAKERPHONE CIRCUIT 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 



_^ 


1> SUFFIX 


if 1 II " 


PLASTIC PACKAGE 




CASE 710 


DW SUFFIX 




PLASTIC PACKAGE 


^K^^ 


CASE 751 F 


V^ 


SO-28 


1 



BLOCK DIAGRAM 




TELEPHONE ^ 

UNE ^ 



RECEIVE VOLUME CONTROL 



MC34018 
2-370 



MOTOROLA COMMUNICATIONS DEVICE DATA 



PIN DESCRIPTION 



Pin 


Name 


Description 


1 


RR 


A resistor to ground provides a reference current 
for the transmit and receive attenuators. 


2 


RTX 


A resistor to ground determines the nominal gain 
of the transmit attenuator. The transmit channel 
gain is inversely proportional to the RTX 
resistance. 


3 


TXI 


Input to the transmit attenuator. Input resistance 
is nominally 5.0 k ohms. 


4 


TXO 


Output of the transmit attenuator. The TXO out- 
put signal drives the input of the transmit level 
detector, as well as the external circuit which 
drives the telephone line. 


5 


TLI 


Input of the transmit level detector. An external 
resistor ac coupled to the TLI pin sets the detec- 
tion level. Decreasing this resistor increases the 
sensitivity to transmit channel signals. 


6 


TLO 


Output of the transmit level detector. The external 
resistor and capacitor set the time the comparator 
will hold the system in the transmit mode after 
speech ceases. 


7 


RLI 


Input of the receive level detector. An external 
resistor ac coupled to the RLI pin sets the detec- 
tion level. Decreasing this resistor increases the 
sensitivity to receive channel signals. 


8 


RLO 


Output of the receive level detector. The external 
resistor and capacitor set the time the comparator 
will hold the system in the receive mode after the 
receive signal ceases. 


9 


MCI 


Microphone amplifier input. Input impedance is 
nominally 10 k ohms and the dc bias voltage is 
approximately equal to VB. 


10 


MCO 


Microphone amplifier output. The mic amp gain 
is internally set at 34 dB (50 VA/). 


11 


CP1 


A parallel resistor and capacitor connected be- 
tween this pin and V^c holds a voltage corre- 
sponding to the background noise level. The 
transmit detector compares the CP1 voltage with 
the speech signal from CP2. 


12 


CP2 


A capacitor at this pin peak detects the speech 
signals for comparison with the background 
noise level held at CP1. 


13 


XDI 


Input to the transmit detector system. The micro- 
phone amplifier output is ac coupled to the XDI 
pin through an external resistor. 


14 


SKG 


High current ground pin for the speaker amp out- 
put stage. The SKG voltage should be within 10 
mV of the ground voltage at Pin 22. 


15 


SKO 


Speaker amplifier output. The SKO pin will source 
and sink up to 100 mA when ac coupled to the 
speaker. The speaker amp gain is internally set 
at 34 dB (50 VA/). 


16 


V + 


Input dc supply voltage. V + can be powered from 
Tip and Ring if an ac decoupling inductor is used 
to prevent loading ac line signals. The required 
V+ voltage is 6.0 to 11 V (7.5 V nominal) at 7.0 
mA. 



Pin 


Name 


Description 


17 


AGC 


A capacitor from this pin to VB stabilizes the 
speaker amp gain control loop, and additionally 
controls the attack and decay time of this circuit. 
The gain control loop limits the speaker amp in- 
put to prevent clipping at SKO. The internal re- 
sistance at the AGC pin is nominally 110 k ohms. 


18 


CS 


Digital chip select input. When at a Logic ''0" 
(<0.7 V) the Vcc regulator is enabled. When at a 
Logic "1" (>1.6 V), the chip isjn the standby 
mode drawing 0.5 mA. An open CS pin is a Logic 
"0". Input impedance is nominally 140 k ohms. 
The input voltage should not exceed 11 V. 


19 


SKI 


Input to the speaker amplifier. Input impedance 
is nominally 20 k ohms. 


20 


vcc 


A 5.4 V regulated output which powers all circuits 
except the speaker amplifier output stage. Vcc 
can be used to power external circuitry such as 
a microprocessor (3.0 mA max). A filter capacitor 
is required. The MC34018 can be powered by a 
separate regulated supply by connecting V+ and 
Vcc to a voltage between 4.5 V and 6.5 V while 
maintaining CS at a Logic "1". 


21 


VB 


An output voltage equal to approximately Vcc/2 
which serves as an analog ground for the speak- 
erphone system. Up to 1.5 mA of external load 
current may be sourced from VB. Output imped- 
ance is 250 ohms. A filter capacitor is required. 


22 


Gnd 


Ground pin for the IC (except the speaker 
amplifier). 


23 


XDC 


Transmit detector output. A resistor and capacitor 
at this pin hold the system in the transmit mode 
during pauses between words or phrases. When 
the XDC pin voltage decays to ground, the atten- 
uators switch from the transmit mode to the idle 
mode. The internal resistor at XDC is nominally 
2.6 k ohms (see Figure 1). 


24 


VLC 


Volume control input. Connecting this pin to the 
slider of a variable resistor provides receive mode 
volume control. The VLC pin voltage should be 
less than or equal to VB. 


25 


ACF 


Attenuator control filter. A capacitor connected to 
this pin reduces noise transients as the attenuator 
control switches levels of attenuation. 


26 


RXO 


Output of the receive attenuator. Normally this 
pin is ac coupled to the input of the speaker 
amplifier. 


27 


RXI 


Input of the receive attenuator. Input resistance 
Is nominally 5.0 k ohms. 


28 


RRX 


A resistor to ground determines the nominal gain 
of the receive attenuator. The receive channel 
gain is directly proportional to the RRX 
resistance. 



Note: Pin numbers are identical for the DIP and SOIC packages. 
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ABSOLUTE MAXIMUM RATINGS 

(Voltages referred to Pin 22) (Ta = 25°C) 



Parameter 


Value 


Units 


V+ Terminal Voltage (Pin 16) 


+ 12, -1.0 


V 


CS(Pin18) 


+ 12, -1.0 


V 


Speaker Amp Ground (Pin 14) 


+ 3.0, -1.0 


V 


VLC(Pin24) 


VcO-1.0 


V 


Storage Temperature 


-65 to +150 


°c 



"Maximum Ratings" are those values beyond which the safety of the device cannot be guaranteed. 
They are not meant to imply that the devices should be operated at these limits. 
The "Electrical Characteristics" tables provide conditions for actual device operation. 

RECOMMENDED OPERATING CONDITIONS 



Parameter 


Value 


Units 


V+ Terminal Voltage (Pin 16) 


+ 6.0 to +11 


V 


CS(Pin18) 


to + 1 1 


V 


Ice (Pin 20) 


to 3.0 


mA 


VLC(Pin24) 


0.55VB to VB 


V 


Receive Signal (Pin 27) 


to 250 


n^Vrms 


Microphone Signal (Pin 9) 


to 5.0 


nriVrms 


Speaker Amp Ground (Pin 14) 


-10 to +10 


mVdc 


Ambient Temperature 


-20 to +60 


°C 



ELECTRICAL CHARACTERISTICS (Refer to Figure 1) 



Parameter 



Symbol 



Pin 



Min 



Typ 



Max 



Units 



SUPPLY VOLTAGES 



V+ Supply Current 
V+ = 11 V, Pin 18 = 0.7 V 
V+ = 11 V, Pin 18 = 1.6 V 


iv+ 


16 


- 


- 


9.0 
800 


mA 


Vcc Voltage (V+ = 7.5 V) 
Line Regulation (6.5 V < V+ < 11 V) 
Output Resistance dec = 3.0 mA) 
DropoutVoltage(V+ = 5.0 V) 


Vcc 

AVcc LN 

Rovcc 

Vcc SAT 


20 


4.9 


5.4 
65 
6.0 
80 


5.9 
150 
20 
300 


Vdc 

mV 

ohms 

mV 


VB Voltage (V+ = 7.5 V) 
Output Resistance (IB = 1.7 mA) 


Vb 

Rqvb 


21 


2.5 


2.9 
250 


3.3 


Vdc 
ohms 



ATTENUATORS 



Receive Attenuator Gain (@ 1.0 kHz) 
Rx Mode, Pin 24 = VB; Pin 27 = 250 mVrms 
Range (Rx to Tx Modes) 
Idle Mode, Pin 27 = 250 mVrms 


Grx 

AGrx 

Grxi 


26, 
27 


2.0 
40 
-20 


6.0 
44 
-16 


10 
48 

-12 


dB 
dB 
dB 


RXO Voltage (Rx Mode) 


Vrxo 




1.8 


2.3 


3.2 


Vdc 


Delta RXO Voltage (Switch from RX to TX Mode) 


AVrxo 




- 


- 


10O 


mV 


RXO Sink Current (Rx Mode) 


Irxol 




75 


- 


- 


/.A 


RXO Source Current (Rx Mode) 


irxoh 




1.0 


- 


3.0 


mA 


RXI Input Resistance 


Rrxi 




3.5 


5.0 


8.0 


ka 


Volume Control Range (Rx Attenuator Gain, Rx Mode, 
0.6 VB < Pin 24 < VB) 


VcR 




24.5 


- 


32.5 


dB 
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ELECTRICAL CHARACTERISTICS (continued) 



Parameter 



Symbol 



Pin 



Min 



Typ 



Max 



Units 



ATTENUATORS 



Transmit Attenuator Gain (@ 1.0 kHz) 
Tx Mode, Pin 3 = 250 mVrms 
Range, (Tx to Rx Mode) 
Idle Mode, Pin 3 = 250 mVrms 


Gtx 

AGtx 

Gtxi 


3, 
4 


4.0 

40 

-16.5 


6.0 
44 
-13 


8.0 
48 
-8.5 


dB 
dB 
dB 


TXO Voltage (Tx Mode) 


vtxo 




1.8 


2.3 


3.2 


Vdc 


Delta TXO Voltage (Switch from Tx to Rx Mode) 


avtxo 




- 


- 


100 


mV 


TXO Sink Current (Tx Mode) 


'txol 




75 


- 


- 


mA 


TXO Source Current (Tx Mode) 


'txoh 




1.0 


- 


3.0 


mA 


TX! Input Resistance 


Rtxi 




3.5 


5.0 


8.0 


ka 


ACF Voltage (Vqc - Pin 25 Voltage) 
Rx Mode 
Rx Mode 
Idle Mode 


avacf 


20, 
25 


- 


150 
6.0 
75 


- 


mV 
mV 
mV 



SPEAKER AMPLIFIER 



Speaker Amp Gain (Pin 19 = 20 mVrms) 


GSPK 


15, 
19 


33 


34 


35 


dB 


SKI Input Resistance 


RSKI 


15 


22 


37 


kfl 


SKO Voltage (Pin 19 = Cap Couple to GND) 


VSKO 




2.4 


3.0 


3.6 


Vdc 


SKO High Voltage (Pin 19 = 0.1 V, -100 mA load 
at Pin 15) 


VSKOH 




5.5 


— 


— 


Vdc 


SKO Low Voltage (Pin 19 = -0.1 V, +100 mA load 
at Pin 15) 


VSKOL 




- 


- 


600 


mV 



MICROPHONE AMPLIFIER 



Mike Amp Gain (Pin 9=10 mVrms' 1-0 kHz) 
Mike Amp Input Resistance 


Gmci 
Rmci 


9, 
10 


32.5 
6.5 


34 
10 


35 
16 


dB 

ka 



LOGAMPS 



RLO Leakage Current (Pin 8 = VB + 1.0 V) 


'lkrlo 


8 


- 


- 


2.0 


M 


TLO Leakage Current (Pin 6 = VB + 1.0 V) 


'lktlo 


6 


- 


- 


2.0 


/xA 


Transmit-Receive Switching Threshold 
(Ratio of ITLI to IRLI — at 20 fiA — to switch Tx-Rx 
Comparator) 


ITH 


5,7 
25 


0.8 


— 


1.2 





TRANSMIT DETECTOR 



XDC Voltage — Idle Mode 
Tx Mode 

CP2 Current Source 


VXDC 
ICP2 


23 
12 


5.0 



4.0 

10 


13 


Vdc 
Vdc 

mA 



DISTORTION 



Rx Mode — RXI to SKO 
(Pin 27 = lOmVrms' 1-0 kHz) 

Tx Mode — MCI to TXO 
(Pin 9 = 5.0mVrms'1-0kHz) 


RXD 
TXD 


27, 
15 

4,9 


— 


1.5 
2.0 


— 


% 
% 



NOTES: 1. V+ = 7.5 V, CS = 0.7 V except where noted. 

2. Rx Mode: Pin 7 = -100 fiA, Pin 5 = +100 /xA, except where noted. 
Tx Mode: Pin 5, 13 = -100 /xA, Pin 7 = +100 ^A, Pin 11 =0 volts. 
Idle Mode: Pin 5 = -100 ^A, Pin 7, 13 = +100 fiA. 

3. Current into a pin designated as +; current out of a pin designated as - 

4. Voltages referred to Pin 22. Ta = +25°C. 
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TEMPERATURE CHARACTERISTICS (-20 to +60°C) 







Typical 




Parameter 


Pin 


Change 


Units 


V + Supply Current (V + = 1 1 V, Pin 1 8 = 0.7 V) 


16 


-0.2 


%/°C 


V + Supply Current (V + = 1 1 V, Pin 1 8 = 1 .6 V) 


16 


-0.4 


%/°c 


Vcc Voltage (V+ = 7.5 V) 


20 


+ 0.1 


%/°c 


Attenuator Gain (Max and Min Settings) 




±0.003 


dB/°C 


Delta RXO, TXO Voltages 


4,26 


±0.24 


%/°C 


Speaker Amp Gain 


15,19 


±0.003 


dB/°C 


Microphone Amp Gain 


9,10 


±0.001 


dB/°C 


Microphone Amp Input Resistance 


9 


+ 0.4 


%/°C 


Tx-Rx Switching Threshold (@ 20 fxA) 


5,7 


±0.2 


nA/°C 



DESIGN GUIDELINES (Refer to Figure 1) 



ATTENUATORS 

The transmit and receive attenuators are comple- 
mentary in function, i.e., when one is at maximum gain 
the other is at maximum attenuation, and vice versa. 
They are never both on or both off. Their main purpose 
is to control the transmit and receive paths to provide 
the half-duplex operation required of a speakerphone. 
The attenuators are controlled solely by the voltage at 
the ACF pin (Pin 25). The ACF voltage is provided by 
the Attenuator Control block, which receives 3 inputs: 
a) the Rx-Tx Comparator, b) the Transmit Detector Com- 
parator, and c) the Volume Control. The response of the 
attenuators Is based on the difference of the ACF voltage 
from VcC/ and therefore a simple method for monitor- 
ing the circuit operation Is to monitor this voltage dif- 
ference (referred to as AVacf). If AVacf is approximately 
6 millivolts the transmit attenuator Is fully on and the 
receive attenuator is fully off (transmit mode). If AVacf 
Is approximately 150 millivolts the circuit is in the re- 
ceive mode. If AVacf is approximately 75 millivolts, the 
circuit is In the Idle mode, and the two attenuators are 
at gain settings approximately half way (In dB) between 
their fully on and fully off positions. 

The maximum gain and attenuation values are de- 
termined by the three resistors RR, RTX, and RRX (Refer 
to Figures 2, 3 and 4). RR affects both attenuators ac- 
cording to its value RELATIVE to RTX and RRX, which 
is why Figure 4 indicates the variations versus the ratio 
of the other resistors to RR. (GRX and GTX are the max- 
imum gains, and ARX and ATX are the maximum at- 
tenuations). RTX affects the gain and attenuation of only 
the transmit attenuator according to the curves of Figure 
2, while RRX affects only the receive attenuator accord- 
ing to Figure 3. As can be seen from the figures, the 
gain difference (from on to off) is a reasonably constant 
45 dB until the upper gain limit is approached. A value 
of 30 k Is recommended for RR as a starting point, and 
then RTX and RRX selected to suit the particular design 
goals. 

The input impedance of the attenuators (at TXI and 
RXI) Is typically 5.0 kO, and the maximum input signal 
which will not cause output distortion is 250 mVrms 
(707 mVp-p). The 4300 ohm resistor and 0.01 fiF ca- 
pacitor at RXO (in Figure 1) filters out high frequency 
components in the receive path. This helps minimize 
high frequency acoustic feedback problems which may 



occur if the filter were not present. The filter's insertion 
loss Is 1.5 dB at 1.0 kHz. The outputs of the attenuators 
are inverted from their inputs. 

Referring to the attenuator control block, the AVacf 
voltage at Its output Is determined by three Inputs. The 
relationship of the inputs and output is summarized In 
the following truth table: 





Transmit 








Tx-Rx 


Det 


Volume 






Comp 


Comp 


Control 


AVacf 


Mode 


Transmit 


Transmit 


No Effect 


6.0 mV 


Transmit 


Transmit 


Idle 


No Effect 


75 mV 


Idle 


Receive 


Transmit 


Affects AVacf 


50-150 mV 


Receive 


Receive 


Idle 


Affects AVacf 


50-150 mV 


Receive 



As can be seen from the truth table, the Tx-Rx com- 
parator dominates. The Transmit Detector Comparator 
Is effective only in the transmit mode, and the Volume 
Control Is effective only in the receive mode. 

The Tx-Rx comparator is in the transmit position 
when there is sufficient transmit signal present over and 
above any receive signal. The Transmit Detector Com- 
parator then determines whether the transmit signal Is 
a result of background noise (a relatively stable signal), 
or speech which consists of bursts. If the signal Is due 
to background noise, the attenuators will be put Into 
the Idle mode (AVacf = 75 mV). If the signal consists 
of speech, the attenuators will be switched to the trans- 
mit mode (AVacf = 6.0 mV.) A further explanation of 
this function will be found in the section on the Transmit 
Detector Circuit. 

The Tx-Rx comparator is In the receive position when 
there Is sufficient receive signal to overcome the back- 
ground noise AND any speech signals. The AVacf volt- 
age will now be 150 mV IF the volume control is at the 
maximum position, i.e. VLC (Pin 24) = VB. IF VLC Is 
less than VB, the gain of the receive attenuator, and the 
attenuation of the transmit attenuator, will vary in a 
complementary manner as shown In Figure 5. It can be 
seen that at the minimum recommended operating 
level (VLC = 0.55 VB) the gain of the transmit attenuator 
Is actually greater than that of the receive attenuator. 
The effect of varying VLC is to vary AVacf, with a re- 
sulting variation In the gains of the attenuators. Figure 
6 shows the gain variations with AVacf. 
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The capacitor at ACF (Pin 25) smooths the transition 
between operating modes. This keeps down any 
"clicks" In the speaker or transmit signal when the ACF 
voltage switches. 

The gain separation of the two attenuators can be 
reduced from the typical 45 dB by adding a resistor 
between Pins 20 (Vcc) and 25 (ACF). The effect Is a 
reduction of the maximum AVacf voltage in the receive 
mode, while not affecting AVacf In the transmit mode. 
As an example, adding a 1 2 kH resistor will reduce AVacf 
by approximately 15 mV (to 135 mV), decrease the gain 
of the receive attenuator by approximately 5.0 dB, and 
increase the gain of the transmit attenuator by a similar 
amount. If the circuit requires the receive attenuator 
gain to be +6.0 dB In the receive mode, RRX must be 
adjusted (to « 27 k) to re-establish this value. This 
change will also Increase the receive attenuator gain In 
the transmit mode by a similar amount. The resistor at 
TLI may also require changing to reset the sensitivity 
of the transmit level detector. 

LOG AMPLIFIERS 

(Transmit and Receive Level Detectors) 

The log amps monitor the levels of the transmit and 
receive signals, so as to tell the Tx-Rx comparator which 
mode should be In effect. The Input signals are applied 
to the amplifiers (at TLI and RLI) through AC coupling 
capacitors and current limiting resistors. The value of 
these components determines the sensitivity of the re- 
spective amplifiers, and has an effect on the switching 
times between transmit and receive modes. The feed- 
back elements for the amplifiers are back-to-back diodes 
which provide a logarithmic gain curve, thus allowing 
operation over a wide range of signal levels. The out- 
puts of the amplifiers are rectified, having a quick rise 
time and a slow decay time. The rise time Is determined 
primarily by the external capacitor (at TLO or RLO) and 
an internal 500 ohm resistor, and is on the order of a 
fraction of a millisecond. The decay time is determined 
by the external resistor and capacitor, and Is on the 
order of a fraction of a second. The switching time Is 
not fixed, but depends on the relative values of the 
transmit and receive signals, as well as these external 
components. Figure 7 indicates the dc transfer char- 
acteristics of the log amps, and Figure 8 indicates the 
transfer characteristics with respect to an ac Input sig- 
nal. The dc level at TLI, RLI, TLO, and RLO Is approxi- 
mately VB. 

The Tx-Rx comparator responds to the voltages at 
TLO and RLO, which in turn are functions of the currents 
sourced out of TLI and RLI, respectively. If an offset at 
the comparator input is desired, e.g., to prevent noise 
from switching the system, or to give preference to 
either the transmit or receive channel, this may be 
achieved by biasing the appropriate input (TLI or RLI). 
A resistor to ground will cause a DC current to flow out 
of that Input, thus forcing the output of that amplifier 
to be biased slightly higher than normal. This amplifier 
then becomes the preferred one in the system opera- 
tion. Resistor values from 500 k to 10 M ohms are rec- 
ommended for this purpose. 



SPEAKER AMPLIFIER 

The speaker amplifier has a fixed gain of 34 dB (50 
VA/), and is noninvertlng. The Input Impedance is nom- 
inally 22 kn as long as the output signal is below that 
required to activate the Peak LImiter. Figure 9 indicates 
the typical output swing available at SKO (Pin 15). Since 
the output current capability Is 100 mA, the lower curve 
Is limited to a 5.0 volt swing. The output impedance 
depends on the output signal level and is relatively low 
as long as the signal level Is not near the maximum 
limits. At 3 volts p-p the output Impedance is <0.5 ohms, 
and at 4.5 volts p-p it is <3 ohms. The output Is short 
circuit protected at approximately 300 mA. 

When the amplifier is overdriven, the peak limiter 
causes a portion of the Input signal to be shunted to 
ground, in order to maintain a constant output level. 
The effect is that of a gain reduction caused by a re- 
duction of the input impedance (at SKI) to a value not 
less than 2.0 kO. 

The capacitor at Pin 17 (AGC) determines the re- 
sponse time of the peak limiter circuit. When a large 
Input signal is applied to SKI, the voltage at AGC (Pin 
17) will drop quickly as a current source is applied to 
the external capacitor. When the large input signal is 
reduced, the current source Is turned off, and an Internal 
110 kn resistor discharges the capacitor so the voltage 
at AGC can return to Its normal value (1.9 Vdc). The 
capacitor additionally stabilizes the peak limiting feed- 
back loop. 

If there Is a need to mute the speaker amplifier without 
disabling the rest of the circuit, this may be accom- 
plished by connecting a resistor from the AGC pin to 
ground. A 100 kH resistor will reduce the gain by 34 dB 
(0 dB from SKI to SKO), and a 10 k resistor will reduce 
the gain by almost 50 dB. 

TRANSMIT DETECTOR CIRCUIT 

The transmit detector circuit, also known as the back- 
ground noise monitor, distinguishes speech (which con- 
sists of bursts) from the background noise (a relatively 
constant signal). It does this by storing a voltage level, 
representative of the average background noise, in the 
capacitor at CP1 (Pin 11). The resistor and capacitor at 
this pin have a time constant of approximately 5 sec- 
onds (in Figure 1). The voltage at Pin 11 is applied to 
the Inverting Input of the Transmit Detector Compara- 
tor. In the absence of speech signals, the noninvertlng 
Input receives the same voltage level minus an offset 
of 36 mV. In this condition, the output of the comparator 
will be low, the output transistor turned off, and the 
voltage at XDC (Pin 23) will be at ground. If the Tx-Rx 
comparator Is In the transmit position, the attenuators 
will be In the idle mode (AVacf =75 mV). When speech 
Is presented to the microphone, the signal burst ap- 
pearing at XDI reaches the noninvertlng Input of the 
transmit detector comparator before the voltage at the 
Inverting input can change, causing the output to switch 
high, driving the voltage at XDC up to approximately 4 
volts. This high level causes the attenuator control block 
to switch the attenuators from the idle mode to the 
transmit mode (assuming the Tx-Rx comparator is in 
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the transmit mode). As long as the speech continues to 
arrive, and is maintained at a level above the back- 
ground, the voltage at XDC will be maintained at a high 
level, and the circuit will remain in the transmit mode. 
The time constant of the components at XDC will de- 
termine how much time the circuit requires to return to 
the idle mode after the cessation of microphone speech 
signals, such as occurs during the normal pauses in 
speech. 

The series resistor and capacitor at XDI (Pin 13) de- 
termine the sensitivity of the transmit detector circuit. 
Figure 10 indicates the change in DC voltage levels at 
CP2 and CP1 in response to a steady state sine wave 
applied at the input of the 0.068 fiF capacitor and 4700 
ohm resistor (the voltage change at CP1 is 2.7 times 
greater than the change at CP2). Increasing the resistor, 
or lowering the capacitor, will reduce the response at 
these pins. The first amplifier (between XDI and CP2) is 
logarithmic in order that this circuit be able to handle 
a wide range of signal levels (or in other words, it re- 
sponds equally well to people who talk quietly and to 
people who shout). Figure 7 indicates the dc transfer 
characteristics of the log amp. 

Figure 11 indicates the response at Pins 11, 12, and 
23 to a varying signal at the microphone. The series of 
events in Figure 11 is as follows: 

1) CP2 (Pin 12) follows the peaks of the speech 
signals/and decays at a rate determined by the 10 
fiA current source and the capacitor at this pin. 

2) CP1 (Pin 11) increases at a rate determined by 
the RC at this pin after CP2 has made a positive tran- 
sition. It will follow the decay pattern of CP2. 

3) The noninverting input of the Transmit Detector 
Comparator follows CP2, gained up by 2.7, and re- 
duced by an offset of 36 mV. This voltage, compared 
to CP1, determines the output of the comparator. 

4) XDC (Pin 23) will rise quickly to 4 Vdc in re- 
sponse to a positive transition at CP2, but will decay 
at a rate determined by the RC at this pin. When XDC 
is above 3.25 Vdc, the circuit will be in the transmit 
mode. As it decays towards ground, the attenuators 
are taken to the idle mode. 

MICROPHONE AMPLIFIER 

The microphone amplifier Is noninverting, has an in- 
ternal gain of34dB(50VA/), and a nominal input imped- 
ance of 10 kfl. The output impedance is typically <15 
ohms. The maximum p-p voltage swing available at the 
output is approximately 2.0 volts less than VqC/ which 
is substantially more than what is required in most ap- 
plications. The input at MCI (Pin 9) should be ac coupled 
to the microphone so as to not upset the bias voltage. 
Generally, microphone sensitivity may be adjusted by 
varying the 2 k microphone bias resistor, rather than by 
attempting to vary the gain of the amplifier. 

POWER SUPPLY 

The voltage supply for the MC34018 at V+ (Pin 16) 
should be in the range of 6.0 to 11 volts, although the 
circuit will operate down to 4.0 volts. The voltage can 
be supplied either from Tip and Ring, or from a separate 



supply. The required supply current, with no signal to 
the speaker, is shown in Figure 12. The upp er curve 
indicates the normal operating current when Chip Se- 
lect (Pin 18) is at a Logic "0". Figure 13 indicates the 
average dc current required when supplying various 
power levels to a 25 ohm speaker. Figure 13 also indi- 
cates the minimum supply voltage required to provide 
the indicated power levels. The peak in the power sup- 
ply current at 5.0-5.4 volts occurs as the V^c circuit 
comes into regulation. 

It is imperative that the V+ supply (Pin 16) be a good 
ac ground for stability reasons. If this pin is not well 
filtered (by a 1000 fxF capacitor AT THE IC), any variation 
at V+ caused by the required speaker current flowing 
through this pin can cause a low frequency oscillation. 
The result is usually that the circuit will cut the speaker 
signal on and off at the rate of a few hertz. Experiments 
have shown that only a few inches of wire between the 
supply and the IC can cause the problem if the filter 
capacitor is not physically adjacent to the IC. It is equally 
imperative that both ground pins (Pins 14 and 22) have 
a low loss connection to the power supply ground. 

vcc 

Vcc (Pi" 20) is a regulated output voltage of 5.4 volts, 
+ /-0.5 V. Regulation will be maintained as long as V + 
is (typically) 80 mV greater than the regulated value of 
Vcc- '-'P to 3 milliamps can be sourced from this supply 
for external use. Th^ output impedance is <20 ohms. 

The 47 /j,F capacitor indicated for connection to Pin 
20 is essential for stability reasons. It must be located 
adjacent to the IC. 

If the circuit is deselected (see section on Chip Select), 
the Vcc voltage will go to volts. 

If the MC34018 is to be powered from a regulated 
supply (not the Tip and Ring lines) of less than 6.5 volts, 
the configuration of Figure 14 may be used so as to 
ensure that Vcc 's regulated. The regulated voltage is 
applied to both V+ and VcC/ with CS held at a Logic 
"1" so as to turn off the internal regulator (the Chip 
Select function is not available when the circuit is used 
in this manner). Figure 15 indicates the supply current 
used by this configuration, with no signal at the speaker. 
When a signal is sentto the speaker, the curves of Figure 
13 apply. 

VB 

VB is a regulated output voltage with a nominal value 
of 2.9 volts, +/-0.4 volts. It is derived from Vcc ^^^ 
tracks it, holding a value of approximately 54% of Vcc- 
1 .5 milliamps can be sourced from this supply at a typ- 
ical output impedance of 250 ohms. 

The 47 ^iF capacitor indicated for connection to the 
VB pin is required for stability reasons, and must be 
adjacent to the IC. 

If the circuit Is deselected (see section on Chip Select), 
the VB voltage will go to volts. 
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CHIP SELECT 



The Chip Select pin (Pin 18) allows the chip to be 
powered down anytinne its functions are not required. 
A Logic "1 " level in the range of 1 .6 V to 1 1 V deselects 
the chip, and the resulting supply current (at V + ) is 



shown in Figure 12. The input resistance at Pin 18 is 
>75 kn. The Vqc and VB regulated voltages go to 0.0 
when the chip is deselected. Leaving Pin 18 open is 
equivalent to a Logic "0" (chip enabled). 



FIGURE 1 — TEST CIRCUIT 
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FIGURE 2 — TRANSMIT ATTENUATOR versus RTX 



FIGURE 3 — RECEIVE ATTENUATOR versus RRX 
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FIGURE 4 — GAIN AND ATTENUATION 
versus RESISTOR RATIOS 
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FIGURE 5 — ATTENUATOR GAIN versus VLC 
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FIGURE 6 — ATTENUATOR GAIN versus AVacf 



FIGURE 7 — LOG AMP TRANSFER CHARACTERISTICS 
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FIGURE 8 — LOG AMP TRANSFER CHARACTERISTICS 



FIGURE 9 — SPEAKER AMP OUTPUT versus SUPPLY VOLTAGE 
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FIGURE 10 — RESPONSE AT CP2 AND CP1 
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FIGURE 11 — TRANSMIT DETECTOR OPERATION 
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FIGURE 12 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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FIGURE 13 — SUPPLY CURRENT 
versus SUPPLY VOLTAGE versus SPEAKER POWER 
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FIGURE 14 — ALTERNATE POWER SUPPLY CONFIGURATION 



FIGURE 15 — SUPPLY CURRENT 
versus SUPPLY VOLTAGE (SEE FIGURE 14) 
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SWITCHING TIME 

The switching times of the speakerphone circuit de- 
pend not only on the various external components, but 
also on the operating condition of the circuit at the time 
a change is to take effect. For example, the switching 
time from idle to transmit is generally quicker than the 
switching time from receive to transmit (or transmit to 
receive). 

The components which most significantly affect the 
timing between the transmit and receive modes are 
those at Pins 5 (transmit turn-on), 6 (transmit turn-off), 
7 (receive turn-on), and 8 (receive turn-off). These four 
timing functions are not independent, but Interact since 
the Tx-Rx comparator operates on a RELATIVE Tx-Rx 
comparison, rather than on absolute values. The com- 
ponents at Pins 11 , 1 2, 1 3, and 23 affect the timing from 
the transmit to the idle mode. Timing from the idle 
mode to transmit mode Is relatively quick (due to the 
quick charging of the various capacitors), and is not 
greatly affected by the component values. Pins 5-8 do 
not affect the idle-to-transmit timing since the Tx-Rx 
comparator must already be in the transmit mode for 
this to occur. 

The following table provides a summary of the effect 
on the switching time of the various components, in- 
cluding the volume control: 



Additionally, the following should be noted: 

1) The PCs at Pins 5 and 7 have a dual function in 
that they affect the sensitivity of the respective log 
amplifiers, or in other words, how loud the speech 
must be in order to gain control of the speakerphone 
circuit. 

2) The RC at Pin 13 also has a dual function in that 
it determines the sensitivity of the transmit detector 
circuit. 

3) The volume control affects the switching speed, 
and the relative response to transmit signals, in the 
following manner: When the circuit is in the receive 
mode, reducing the volume control setting increases 
the signal at TXO, and consequently the signal to the 
TLI pin. Therefore a given signal atTXI will switch the 
circuit into the transmit mode quicker at low volume 
settings. 

The photographs of Figures 16 and 17 indicate ex- 
perimentally obtained switching response times for the 
circuit of Figure 1. In Figure 16, the circuit is provided 
a continuous receive signal of 1.1 mVp-p at RXI (trace 
#3). A repetitive burst signal of 7.2 mVp-p, lasting 120 
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milliseconds, and repeated every 1 second, is applied 
to MCI (Trace #1). Trace #2 is the output at TXO, and 
is approximately 650 mVp-p at its maximum. Trace #4 
is the output at RXO, and is approximately 2.2 mVp-p 
at its maximum. The time to switch from the receive 
mode to the transmit mode is approximately 40 ms, as 
indicated by the time required for TXO to turn on, and 
for RXO to turn off. After the signal at MCI is shut off, 
the switching time back to the receive mode is approx- 
imately 210 ms. 

In Figure 17, a continuous signal of 7.6 mVp-p is ap- 
plied to MCI (Trace #1), and a repetitive burst signal of 
100 mVp-p is applied to RXI (Trace #3), lasting approx- 
imately 120 ms, and repeated every 1 second. Trace #2 



is the output at TXO and is approximately 90 mVp-p at 
its maximum, and Trace #4 indicates the output at RXO, 
and is approximately 150 mVp-p at its maximum. In this 
sequence, the circuit switches between the idle and re- 
ceive modes. The time required to switch from idle to 
receive is approximately 70 ms, as indicated by the first 
part of Traces 2 and 4. After the receive signal is shut 
off, the time to switch back to the idle mode is approx- 
imately 100 ms. 

All of the above mentioned times will change signif- 
icantly by varying the amplitude of the input signals, as 
well as by varying the external components. 



FIGURE 16 — TRANSMIT-RECEIVE SWITCHING 



FIGURE 17 — IDLE-RECEIVE SWITCHING 
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APPLICATIONS INFORMATION 

The MC34018 Speakerphone IC is designed to provide 
the functions additionally required when a speaker- 
phone is added to a standard telephone. The IC provides 
the necessary relative level detection and comparison 
of the speech signals provided by the talkers at the 
speakerphone (near end speaker) and at the distant tele- 
phone (far end speaker). 

The MC34018 is designed for use with an electrettype 
microphone, a 25 ohm speaker, and has an output 
power capability of (typically) 100 mW. All external com- 
ponents surrounding this device are passive, however, 
this IC does require additional circuitry to interface to 
the Tip and Ring telephone lines. Two suggested circuits 
are shown in this data sheet. 

Figure 18 depicts a circuit using the MC34014 Speech 
Network (to provide the line interface), as well as the 
circuitry necessary to switch between the handset mode 
and the speakerphone mode. Switch HS (containing one 
normally open and one normally closed contact) is the 
hook switch actuated by the handset, shown in the on- 
hook position. When the handset is off-hook (HSI open, 
HS2 closed), power is applied to the MC34014 speech 
network, and consequently the handset, and the CS pin 
of the MC34018 is held high so as to disable it. Upon 
closing the two poles of switch SS, AND placing switch 



HS in the on-hook position, power is then applied to 
both the MC34014 and the MC34018, and CS is held 
low, enabling the speakerphone function. Anytime the 
handset is removed from switch HS, the circuit reverts 
to the handset mode. The diode circuitry sets the op- 
erational mode of the MC34014 so as to optimize the 
speakerphone operation (see the MC34014 data sheet 
for further details). The tone dialer interface is meant 
for connection to a DTMF dialer with an active low 
MUTE signal. The Vqd supply from the MC34014 is a 
nominal 3.3 volts. The MC34017 and piezo sounder pro- 
vide the ringing function. 

Figure 19 depicts a configuration which does not in- 
clude a handset, dialer, or ringer. The only controls are 
SI (to make the connection to the line), S2 (a "privacy" 
switch), and the volume control. It is meant to be used 
in parallel with a normal telephone which has the dialing 
and ringing functions. 

Figure 20 depicts a means of providing logic level 
signals that indicate which mode of operation the 
MC34018 is in. Comparator A indicates whether the cir- 
cuit is in the receive or transmit/idle mode, and com- 
parator B indicates (when in the transmit/idle mode) 
whether the circuit is in the transmit or idle mode. The 
LM393 dual comparator was chosen because of its low 
current requirement (<1.0 mA), low voltage require- 
ment (as low as 2.0 volts), and low cost. 
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FIGURE 18 — SWITCHABLE HANDSET/HANDSFREE SYSTEM 
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FIGURE 19 — BASIC LINE POWERED SPEAKERPHONE 
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1. Diodes are 1N4001 unless otherwise noted. 

2. 4 Transistors are 2N3904. 

3. Recommended Transformer: Microtran T5115. 



FIGURE 20 — DIGITAL TRANSMIT/IDLE/RECEIVE INDICATION 
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TELEPHONE SPEECH NETWORK 
WITH DIALER INTERFACE 

The MC34114 is a monolithic integrated telephone speech net- 
work designed to replace the bulky magnetic hybrid circuit of a 
telephone set. The MC3411 4 incorporates the necessary functions 
of transmit amplification, receive amplification, and sidetone con- 
trol, each with externally adjustable gain. Loop length equalization 
varies the gains based on loop current. The microphone amplifier 
has a balanc ed, diff erential input stage designed to reduce RFI 
problems. A MUTE input mutes the microphone and receive 
amplifiers during dialing. A regulated output voltage is provided 
for biasing of the microphone, and a separate output voltage 
powers an external dialer, microprocessor, or other circuitry. The 
MC341 14 is designed to operate at a minimum of 1 .2 volts, making 
party line operation possible. 

A circuit using the MC34114 can be made to comply with Bell 
Telephone, British Telecom (BT), and NTT (Nippon Telegraph & 
Telephone) standards. It is available in a standard 18-pin DIP, and 
a 20-pln SOIC (surface mount) package. 

• Operation Down to 1 .2 Volts 

• Externally Adjustable Transmit, Receive, and Sidetone Gains 

• Differential Microphone Amplifier Input Minimizes RFI 
Susceptibility 

• Transmit, Receive, and Sidetone Equalization on Both Voice 
and DTMF Signals 

• Regulated 1.7 Volts Output for Biasing Microphone 

• Regulated 3.3 Volts Output for Powering External Dialer or 
MPU 

• Microphone and Receive Amplifiers Muted During Dialing 

• Differential Receive Amplifier Output Eliminates Coupling 
Capacitor 

• Operates with Receiver Impedances of 50 Ohms and Higher 

• Complies with NTT, Bell Telephone and BT Standards 
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ORDERING INFORMATION 



^ Package 


Part No. 


18-Pin Plastic DIP 
20-Pin Surface Mount 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Value 


Units 


Vcc Supply Voltage 


-1.0, +12 


Vdc 


Voltage at Vqd (Externally Applied, Vqc = 0) 


-1.0, +6.0 


Vdc 


Voltage at MUTE, MS (Vcc > l-B Volts) 


-1.0, Vdd + 0.5 


Vdc 


Voltage at MUTE, MS (Vcc = 0) 


-1.0, +6.0 


Vdc 


Voltage at RAGC (0 < Vcc < 12 Volts) 


-1.0, +6.0 


Vdc 


Current through Vcc* LR 


130 


mA 


Current into Zb (Pin 15) 


3.0 


mA 


Storage Temperature 


-65, +150 


°C 



"Maximum Ratings" are those values beyond which the safety of the device cannot be 
guaranteed. They are not meant to imply that the devices can be operated at these limits. The 
"Recommended Operating Conditions" provides conditions for actual device operation. 



RECOMMENDED OPERATING LIMITS 



Parameter 


Min 


Typ 


Max 


Units 


Vcc Voltage (Speech, Pulse Mode) 
(Tone Dialing Mode) 


+ 1.2 
+ 3.3. 


— 


+ 10.5 
+ 10.5 


Vdc 


Loop Current (into Vcc) (Speech, Pulse Mode) 
(Tone Dialing Mode) 


4.0 
15 


— 


120 
120 


mA 


Receiver Impedance 


50 


— 


— 


fl 


Voltage at MUTE, MS (Vcc > 1-5 Volts) 





— 


Vdd 


Vdc 


R1 (Resistor from Vcc to Vb) 


100 


— 


1800 


n 


Ambient Temperature 


-20 


— 


+ 70 


°C 



All limits are not necessarily functional concurrently. 
ELECTRICAL CHARACTERISTICS (Ta = 25°C, See Figure 1) 



Parameter 



Symbol 



Min 



Typ 



Max 



Units 



SUPPLY CURRENT 



Supply Current into Vcc (P'" 2 open, R12 = 25 k, Vqd unloaded) 










mA 


Speech Mode (Figure 2) Vcc = 1-2 Volts 


'ccsp 


4.0 


5.0 


5.5 




Vcc = 3.5 Volts 




9.0 


11 


12 




Vcc = 8.0 Volts 




10 


12 


14 




Vcc = 10.5 Volts 




— 


13 


— 




Tone Mode (Figure 4) Vcc = 3-3 Volts 


Icct 


— 


14 


— 




Vcc = 8.0 Volts 




— 


16 


— 




Vcc = 10 Volts 




— 


18 


— 





VOLTAGE REGULATORS 



Vr Voltage (Ir = 65 fiA, Vcc = 2.5 V, Figure 5) 


Vr 


1.6 


1.7 


1.85 


Vdc 


Load Regulation (0 < Ir < 300 fxA, Vcc = 2.5 V) 




— 


0.2 


0.5 


Vdc 


Line Regulation (Ir = 65 fiA, 2.5 < Vcc < 10-5 V) 




-70 


±20 


+ 70 


mVdc 


Vdd Voltage (Vcc ^ 3.8 V, JDD = 0, Figure 6) 


Vdd 


3.1 


3.3 


3.7 


Vdc 


Line Regulation (Idd = 0, 5.0 V < Vcc < 10.5 V) 




-70 


±30 


+ 70 


mVdc 


Maximum Output Current (Vcc = 3.8 V, Vdd ^ 3.0 V) 


'ddmax 








mA 


Speech Mode 




0.8 


1.0 


— 




Pulse, Tone Mode 




2.2 


2.5 


— 




Input Leakage Current (Vcc = 0, 3.3 Volts applied to Vdd) 


'Ikg 








^A 


Mute open or at Vdd 




— 


0.02 


0.5 




Mute = Volts 




— 


180 


— 
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ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C, See Figure 1) 



Parameter 



Symbol 



Min 



Typ 



Max 



Units 



MICROPHONE AMPLIFIER 



Gain (Mute = Vpo) 


Gmic 


28 


30 


32 


dB 


Input Common Mode Rejection Ratio (1.0 kHz) 


CMRR 


20 


26 


— 


dB 


Input Impedance (Each Input) 


RiNMIC 


14 


20 


27 


ka 


MCQ DC Bias Voltage (Vqc > 3.4 V, Mute = Hi) 
(Vcc = 1-2 V, Mute = Hi) 
(Mute = V) 


vmcodc 


0.85 
0.6 


1.1 
0.71 
0.08 


1.25 
0.93 


Vdc 


MCQ Max Voltage Swing (THD = 5%, Vqc > 2.7 V) 
(THD = 5%, Vcc = 1-2V) 


Vmcoac 


I 


2.0 
500 


— 


Vp-p 
mVp-p 


MCQ Output Impedance 


zmco 


— 


270 


— 


a 


MCO Output Current Capability (THD = 5%) 


'MCO 




160 


— 


HA 


Gain Reduction when Muted (Mute = Volts, f = 1.0 kHz) 


Gmut 


55 


70 


— 


dB 



RECEIVE AMPLIFIER 



RXI Bias Current (Mute = Hi) 


>IBR 


— 


50 


— 


nA 


RX01, RX02 Bias Voltage (Vcc = 1-2 V) 
(Vcc > 3.0. V) 


RXDC 


580 
585 


630 
650 


695 
720 


mVdc 


RX01-RX02 Offset Voltage (Vcc > 3.0 V) 


Rxvos 


-35 





+ 35 


mVdc 


RX01-RX02 Max Voltage Swing (Figure 9) 
(THD = 5%, Receiver = ^) 
(THD = 5%, Receiver = 150 ft) 


Vrxac 


- 


2.2 

800 


- 


Vp-p 
mVp-p 


Internal Feedback Resistor (for muting) 


Rfint 


— 


1.0 


— 


kn 


RX01 & RX02 Source Current 


Irx 


2.6 


3.2 


3.5 


mA 



INTERNAL CURRENT AMPLIFIERS 



TXI Input Impedance 


Rtxi 


0.85 


1.0 


1.15 


kft 


ZB Input Impedance 


RZB 


— 


500 


— 


n 


RXA Output Impedance 


Rrxa 


— 


10 


— 


kn 


AC Current Gain 
TXI to Vcc (VraGC = V) 
TXI to Vcc (Vragc = 1.3 V) 
ZB to RXA (Vragc = O V, RXA = AC Gnd) 
ZB to RXA (Vragc = ''•3 V, RXA = AC Gnd) 
TXI to RXA (Vragc = V, RXA = AC Gnd) 
TXI to RXA (Vragc = 1.3 V, RXA = AC Gnd) 


Gtx 

GZB 
GSTA 


_ 


100 
50 
0.5 
0.25 
1.22 
0.61 


- 


A/A 



DC INTERFACE 



LR Level Shift (Vcc-Vlr) 
('LOOP = 20 mA, Mute = Vdd) 
('LOOP = 80 mA, Mute = Vqd) 
('LOOP = 20 mA, Mute & MS = V) 
('LOOP = 80 mA, Mute & MS = V) 


avlrs 
avlrt 


- 


2.8 
3.5 
3.8 
5.0 


- 


Vdc 


Vcc Boost (IloOP = 20 mA, Mute & MS 
switched from Hi to Lo, R1 = 620 ft) 


avlrb 


0.7 


1.0 


1.2 


Vdc 


RAGC Current (VragC = V) 

(Vragc = i.ov) 


Iragc 


— 


-40 
-12 





M 
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ELECTRICAL CHARACTERISTICS — continued (Ta = 25°C, See Figure 1) 



Parameter 



Symbol 



Min 



Typ 



Max 



Units 



LOGIC INPUTS 



MUTE Input Impedance (Vqc > 1.2 V) 


Rmut 


— 


60 


_ 


kn 


(Vcc = V, < Mute < 6.0 V) 




— 


>60 


— 


Mn 


Input Low Voltage 


V|LMT 





— 


1.0 


Vdc 


Input High Voltage 


VlHMT 


Vdd-0.5 


— 


Vdd 


Vdc 


Holdover (Delay for Receive amplifier to return 


Tmut 


8.0 


11 


25 


mSec 


to full gain after Pin 17 switches from to Vpo) 












MS Input Impedance (Vqc > 1.2 V) 


Rms 


— 


60 


— 


kO 


(Vcc = V, Mute = open or Vqd) 




— 


>50 


— 


Ma 


(Vcc = 0, Mute = 0) 




— 


4.0 


— 


kn 


Input Low Voltage 


ViLMS 





— 


0.3 


Vdc 


Input High Voltage 


V|HMS 


2.0 


— 


Vdd 


Vdc 



SYSTEM SPECIFICATIONS (f = 1.0 kHz unless noted, Ta = 25°a Refer to Figure 1) 

Symbol 



Parameter 



Min 



Typ 



Max 



Units 



LINE INTERFACE 



Vcc DC Voltage (Pin 1) 


Vcc 








Vdc 


Bell Telephone Standard and NTT Specs. (R2 = 43 a R3 = 13 a) 












Speech Mode IlOOP = 10 "^A 




1.7 


2.0 


2.3 




'loop = 20 mA 




3.0 


3.4 


3.7 




'loop = 30 fTiA 




3.5 


4.1 


4.5 




'loop = 120 mA 




8.5 


9.9 


10.5 




Tone Mode 'LOOP = 20 mA 




3.9 


4.1 


4.3 




■loop = 30 "lA 




4.5 


5.1 


5.5 




British Telecom Standard 












(R2 = 43 a + 2.5 V Zener, R3 = 13 H) 












Speech Mode IlOOP = 10 mA 




— 


4.3 


— 




'loop = 20 mA 




— 


5.9 


— 




'loop = 30 mA 




— 


6.9 


— 




'loop = 70 mA 




— 


10 


— 




AC Terminating Impedance ('LOOP = 20 mA, Figure 11) 


zac 


500 


600 


700 


a 



RECEIVE PATH 



Gain (Vcc to RX01-RX02, Figures 14, 15) 
'loop = 20 mA 
'loop = 100 mA 


Grx 


-7.2 
-13.5 


-6.1 
-11 


-5.0 
-9.5 


dB 


AGain (Grx @ 100 mA versus 20 mA) 


AGrx 


-7.5 


-6.0 


-4.5 


dB 


Muted Gain (Mute = Logic 0, IloOP = 20 mA) 


Grxm 


— 


-22 


-20 


dB 


Distortion (at RX01-RX02, Vcc = 250 mVrms) 
f = 300 Hz 
f = 1.0 kHz 
f = 3.4 kHz 


THDr 


- 


0.3 
0.2 
0.02 


2.0 


% 


Output Noise Across RX01-RX02 (@ 1.0 kHz) 


Nrxo 


— 


4.0 


— 


/iVrms 



TRANSMIT PATH 



Gain (MC1-MC2 to Vco Figures 12, 13) 
■loop = 20 mA 
'loop = 100 mA 


Gtx 


36 
29 


38.5 
32.5 


40.5 
35.5 


dB 


AGain (Gjx @ 100 mA versus 20 mA) 


AGtx 


-7.5 


-6.0 


-4.5 


dB 


Max Vcc Voltage Swing (THD = 5%, Figure 8) 
'loop = 20 mA 
'loop = 100 mA 


vtxmax 


- 


3.0 
2.3 


- 


Vp-p 


Gain Reduction when muted (MC1-MC2 to VcC/ 'Vute = V) 


Gtxm 


— 


68 


— 


dB 


Distortion (0 dBm @ Vcc) 

f = 300 Hz 
f = 1.0 kHz 
f = 3.4 kHz 


THDt 


- 


0.5 
1.5 
1.3 


3.0 


% 


Output Noise at Vcc (@ 1-0 kHz) 


Ntxo 


— 


17 


— 


/xVrms 



SIDETONE 



Sidetone Gain (Gain from Vcc to RX01-RX02 with 
signal applied to MC1/MC2, IloOP = 20 mA) 


GST 


— 


-27 


-22 


dB 
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PIN DESCRIPTIONS 



Symbol 


Pin Number 


Description 


(SOIC) 


(DIP) 


vcc 


1 


1 


Power supply pin for the IC. Supply voltage is derived from loop current. Transmit amp output 
operates on this pin. 


LR 


2 


2 


Resistors R2 + R3 at this pin set the DC characteristics of the circuit. The majority of the loop 
current flows through these resistors. Other components may be used to produce required DC 
characteristics for individual regulatory agencies. 


Vb 


3 


3 


A resistor or appropriate network (R1) connected from this pin to Vqc sets the AC terminating 
impedance (return loss spec). 


Vr 


4 


4 


A 1.7 volt regulated output which can be used to bias the microphone. Additionally, this 
voltage powers a portion of the internal circuitry. Can nominally supply 300-500 /lA. 


GND 


5 


5 


Ground pin for the entire IC. Normally this is not connected to, nor to be confused with earth 
ground. 


MCI 


6 


6 


Inverting differential input to the microphone amplifier. Input impedance is typically 20 kd. 


MC2 


7 


7 


Non-inverting differential input to the microphone amplifier. Input impedance is typically 20 kft. 


MCO 


8 


8 


Microphone amplifier output. Amplifier's gain is fixed at 30 dB. 


RAGC 


10 


9 


Loop current sensing input. The voltage at this pin, determined by the loop current and R3, 
operates the loop length equalization circuit. 


TXI 


11 


10 


Input to the transmit amplifier from the microphone amplifier, DTMF source, and other sources. 
Input impedance ~ 1.0 kO. 


RX02 


12 


11 


Receive amplifier non-inverting differential output. Current capability to the receiver is typically 
set at ±3.0 mA peak. 


RX01 


14 


12 


Receive amplifier inverting differential output. Current capability to the receiver is typically 
±3.0 mA peak. Gain is set by R8. 


RXI 


15 


13 


Summing input to the receive amplifier. This pin is an AC virtual ground. 


RXA 


16 


14 


Summed outputs of the receive current amplifier, sidetone amplifier, and an AGC point. 
Normally connected to the receive amplifier input (RXI) through a coupling capacitor. 


ZB 


17 


15 


Input to the receive current amplifier. A balance network (ZB) is connected between this pin 
and Vcc- The network affects the receive level and sidetone performance. Input impedance is 
^500 n in series with a diode. 


MS 


18 


16 


Mode Select Input. A logic "1" sets the IC for pulse dialing. A logic "0" sets the IC for tone 
(DTMF) dialing. Effective only if MUTE is at a logic "0". Input impedance is «= 60 ka 


MUTE 


19 


17 


Mute input. A logic "1" sets normal speech mode. A logic "0" mutes the microphone and 
receive amplifiers and allows MS to be functional. Input impedance is =60 kO referenced to 
Vdd- An internal fixed delay of 11 mSec minimizes clicks in the receiver when returning to the 
speech mode. 


Vdd 


20 


18 


A regulated 3.3 volt output for an external dialer. Output source current capability is 1.0 mA in 
speech mode, 2.5 mA in tone dialing mode. 
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FIGURE 1 — BLOCK DIAGRAM AND TEST CIRCUIT 
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FIGURE 2 — Ice versus Vqc (SPEECH MODE) 



FIGURE 3 — Ice versus Vcc (PULSE DIALING MODE) 
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FIGURE 4 — Ice versus Vcc (TONE DIALING MODE) 



FIGURE 5 ^ Vr versus Ir versus Vqc 
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FIGURE 6 — Vqd versus Iqd 
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FIGURE 8 — MAXIMUM TRANSMIT SIGNAL AT Vqc 



FIGURE 9 — MAXIMUM RECEIVER SIGNAL 
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SYSTEM PERFORMANCE 



FIGURE 10 — TIP/RING VOLTAGE versus LOOP CURRENT 
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FIGURE 11 — AC TERMINATING IMPEDANCE versus 
LOOP CURRENT 
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FIGURE 12 — TRANSMIT GAIN versus LOOP CURRENT 



FIGURE 13 — TRANSMIT GAIN versus FREQUENCY 
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FIGURE 14 — RECEIVE GAIN versus LOOP CURRENT 



FIGURE 15 — RECEIVE GAIN versus FREQUENCY 
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FIGURE 16 — TRANSMIT NOISE SPECTRUM 



FIGURE 17 — RECEIVE NOISE SPECTRUM 
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FIGURE 18 — Vcc versus TEMPERATURE 



FIGURE 19 — TRANSMIT GAIN versus TEMPERATURE 
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FIGURE 20 — RECEIVE GAIN versus TEMPERATURE 
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FIGURE 21 — AC TERMINATING IMPEDANCE 
versus TEMPERATURE 
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FUNCTIONAL DESCRIPTION 



INTRODUCTION 

The MC341 14 is a speech network which provides the 
hybrid function and the DC loop current Interface of a 
telephone, and Is meant to connect to Tip and Ring 
through a polarity guard bridge. The transmit, receive, 
and sidetone gains are externally adjustable, and addi- 
tionally, line length compensation varies the gains with 
variations in loop current. The microphone amplifier 
employs a differential Input to minimize RFI 
susceptibility. 

The loop current interface portion determines the dc 
voltage versus current characteristics, and provides the 
required regulated voltages for internal and external 
use. 

The dialer interface provides three modes of opera- 
tion: speech (non-dialing), pulse dialing and tone 
(DTMF) dialing. When switching among the modes, 
some parameters are changed in order to optimize the 
circuit operation for that mode. The following table 
summarizes those changes: 



TABLE 1 — OPERATING PARAMETERS versus 
OPERATING MODE 



Function 


Speech 


Pulse 


Tone 


LR Level Shift 
(Vcc - VLR) 


2.8 V 


2.8 V 


3.8 V 


VpD Current 
Capability 


1.0 mA 


2.5 mA 


2.5 mA 


Microphone 
Amplifier 


Functional 


Muted 


Muted 


Receive Amp. 
Internal Feedback 
Resistor 


Switched 
Out 


Switched 
In 


Switched 
In 



DC LINE INTERFACE AND LINE LENGTH 
COMPENSATION 

The DC line interface circuit (Pins 1, 2, 3) sets the DC 
voltage characteristics with respect to loop current. See 
Figure 22. 



FIGURE 22 — DC LINE INTERFACE EQUIVALENT 
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The DC voltage at Vqc 's determined by the level shift 
from Vcc ^o LR, plus the voltage across R2 and R3. Ice 
is the Internal bias current required by the MC34114, 
nominally in the range of 10 mA. Ice can be reduced, 
if necessary, by increasing R12, consistent with the 
transmit and receive signal requirements (see the 
Transmit Path section). See Figures 2-4, 8 and 9. 

In the speech and pulse dialing modes current source 
II is off, and the level shift is due to Ql's base-emitter 
drop (-1.4 V), 1.0 volt across the 20 k resistor, and the 
voltage across R1 , which varies with Vcc ^''onri 0.1 5 volts 
to ==1.0 volt. When the loop current coming in from Tip 
and Ring exceeds the Ice requirement, the excess cur- 
rent flows through Q1, R2 and R3, to set the slope of 
the V-l characteristic for the circuit (Q1 has an equivalent 
resistance of -10 ft). See Figure 10. 



In thetone dialing mode, current source II Is on, draw- 
ing an additional 1 .7 mA through R1 , increasing the level 
shift by —1 .0 volts (for R1 = 600 ft). This feature ensures 
that, at low loop currents, sufficient voltage is present 
at Vcc ^of" the DTMF signals, and that the V^d regulator 
supplies sufficient voltage to an external dialer. The Ice 
current increases by —1.3 mA in this mode. 

R1 must be kept in the range of 100 to 1800 ft. If it is 
too large. Insufficient current will flow into Vg to bias 
up the circuit. If it is too small, insufficient filtering at 
Vb will result unless CI is increased accordingly. Speech 
signals must be well filtered from Vg. 

The voltage across R3 determines the operation of 
the AGC circuit (line length compensation). As the volt- 
age at RAGC Increases from -0.4 volts to -1.2 volts, 
the AGC Control varies the current gain of the two AGC 
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points (Figure 1) from 1.0 to 0.5, thereby reducing the 
gain of the transnnit and receive paths by 6.0 dB. See 
Figure 7. Pin 9 is a high innpedance input. 

The values of R2 and R3 can be varied as required to 
comply with various regulatory agencies, to compen- 
sate for additional circuitry powered by the loop current 
(microprocessor, etc.), or to change the starting point 
of the AGC function. If the AGC is not used. Pin 9 should 
be connected to ground for high gains, or to Vr for low 
gains. 

VOLTAGE REGULATORS 

The MC34114 has two internal voltage regulators 
which are used to power external as well as internal 
circuitry. 

The Vr regulator provides 1.7 volts at a maximum 
current of 500 jliA (see Figure 5). This output is normally 
used to set the DC bias into TXI (Pin 10), and to bias 
the electret microphone. Vr will typically be «300 mV 
less than Vqc when V^c is below 2.0 volts. 

The Vdd regulator provides 3.3 volts at a maximum 
of 1.0 mA in the speech mode, and 2.5 mA in the pulse 
or tone dialing modes (see Figure 6). It is normally used 
to power an external dialer, and other associated cir- 
cuitry. Vdd 'S normally —0.5 volts less than V^c until 
Vdd regulates. It is a shunt type regulator which auto- 
matically switches to a high impedance mode when 
Vcc falls below 1.4 volts. This feature prevents exces- 
sive battery drain in the event a memory sustaining 
battery is used with the external dialer. Leakage current 
(with Vcc = 0) Is typically 0.02 /z-A with an applied 
voltage of up to 6.0 volts at VdD' with pin 17 open or 
at Vdd- If PI" 17 Is at ground, a current of several 
hundred microamps will flow into Vdd and out of pin 
17 (see paragraph on Logic Interface). 

MICROPHONE AMPLIFIER 

The microphone amplifier (Pins 6, 7, 8) has a differ- 
ential input, single ended output, and a fixed internal 
gain of +30 dB (31.1 VA/). The output is in phase with 



MC2, and out of phase with MCI . The inputs (see Figure 
23) have a nominal impedance of 20 kO, and are 
matched to provide a high common mode rejection 
(typically 26 dB). 

FIGURE 23 — INPUT STAGE 




To preserve a high CMRR against unwanted signals 
induced in the microphone leads, the microphone 
should be biased with two equal value resistors as 
shown in Figure 1. 

The output (MCO) has a DC bias voltage of «1 .1 volts 
(Vcc > 3.0 volts), and can nominally swing ~2.0 volts 
p-p (500 mV p-p at Vcc = 1-2 volts). The output imped- 
ance is «270 n, and has a peak current capability of 
«160iLtAfor5%THD. 

When the MC34114 is switched to either dialing 
mode, the microphone amplifier is muted by -70 dB 
(300 Hz-4 kHz), effectively disabling the microphone. 
The DC voltage at MCO is «80 mV when muted. 

TRANSMIT PATH 

The AC transmit path consists of the components 
shown in Figure 24 (taken from Figure 1). 



FIGURE 24 — TRANSMIT PATH 




The voltage output at MCO Is converted to a current 
Into TXI by C5, R6, and TXI's 1.0 k input impedance 
(with a slight error due to R12). A1 and A2 are current 
amplifiers with a combined gain of 100. The AGC point 
has a current gain of 1.0 at low loop currents, and 



decreases to 0.5 as loop current increases. Therefore 
the current gain from TXI to Vcc varies from 100 to 50 
as loop current Is increased. The resulting current out- 
put at Vcc acts on R1 and the line Impedance (nominally 
600 Q each, CI is an AC short) to generate a voltage 
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FIGURE 25 — RECEIVE PATH 
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signal at Vcc* and consequently, at Tip and Ring. The 
voltage gain from MC1-MC2 to Tip and Ring Is therefore 
(first order): 



Gtx 



Am X 100 X AGC x R1//ZlinE 
(R6 + 1.0 k) 



(Equation 1) 



where Am is the gain of the microphone amplifier (31.1 
VA/). At low loop currents Gjx ^84 VA/ (38.5 dB), and 
decreases to ===42 VA/ (32.5 dB) at higher loop currents, 
for the component values shown in Figure 1 (@ 1 .0 kHz). 

For more precise calculations, consideration should 
be given to the effects of C5 (in series with R6), R12 and 
R7 (each in parallel with TXI's 1.0 k impedance), and 
CIO and the ZB network (each in parallel with R1 and 
Zline). The cumulative effects of these additional com- 
ponents is -1.5 dB. 

The voltage signal at Vqc 's out of phase with that at 
TXI, and in phase with that at MCI. 

The maximum available voltage swing at Vcc is a 
function of the impedance at Vcc (R1//Zline)' ^^e DC 
bias current at A2's output, and the Vcc ^^ voltage. 
A2's bias current is determined by the bias current 
through R12 (Vr/{R12 + 1.0 k}) which is gained up by 
A1, A2 and the AGC point. Figure 8 indicates the max- 
imum voltage swing at Vcc (with 5% THD). 

RECEIVE PATH 

The AC receive path consists of the components 
shown in Figure 25 (taken from Figure 1). 

R1, typically 600 ft, provides the AC termination 
(return loss) for the receive signals coming in on Tip 
and Ring (CI is an AC short). The receive signal creates 
an AC current through the ZB network and the 500 ft 
resistor at the ZB pin. A4 reduces that current by 1/2, 
and then feeds it through the AGC point which has a 
gain of 1 .0 at low loop currents. The AGC gain is reduced 
to 0.5 as loop current increases. The AC current out of 
the AGC point feeds through C8 to RXI, the receive 
amp's summing node (If C8 is large, RXA can be con- 
sidered a virtual ground, and no AC current flows 
through the internal 10 k resistor). The voltage swing 
at RX01 is then determined by the current through C8 
and the R8 feedback resistor. The second op amp (at 



RX02) is internally configured for inverting unity gain. 
The voltage gain from Tip and Ring to RX01-RX02 
(differential) is (first order): 



Grx = 



R8 X AGC 
(ZB + 500) 



(Equation 2) 



where ZB = RIO + R9//C9 («R10 + R9). 

For more precise calculations, the effects of C9 and 
C8 must be considered. C9 provides a phase shift to aid 
sidetone cancellation (see paragraph on Sidetone), and 
C8 can be selected to provide low frequency roll-off. 
High frequency roll-off can be obtained by adding a 
feedback capacitor across R8. For the component values 
shown in Figure 1, the receive gain measured =0.495 
VA/ ( - 6.1 dB) at low loop currents, and reduces to -0.25 
VA/ (-12 dB) at higher loop currents (@ 1.0 kHz). 

Whe n the MC341 14 is switched to either dialing mode 
(Mute = low), the receive gain is muted by the switching 
in of the internal feedback resistor (RfinT ^^om RX01 
to RXI) — typically 1.0 kft. The effective feedback resis- 
tor for the amplifier is now the parallel combination of 
R8 and RfinT- The amount of muting (in dB) can be 
calculated from: 



GrXM = 20 X log 



(R8 + 



Rrni^ 
Rfint / 



(Equation 3) 



The internal resistor is switched in coin ciden t with Mute 
(Pin 1 7) switching low. However, when Mute is switched 
high, a delay (nominally 11 mSec) occurs before the 
internal resistor is switched out. This feature prevents 
dialing transients (particularly during pulse dialing) 
from being heard as loud clicks in the receiver. 

The DC bias voltages at RXI, RX01 and RX02 is «0.65 
volts. The bias current at RXI is -50 nA into the pin. 
The maximum voltage swing at RX01 and RX02 is a 
function of the receiver impedance (typically 
100-150 ft), and the value of the two Irx current sources 
In Figure 25. \rx> set by R12 (between Vr and TXI), is 

^""^'^"^ , VRX50XAGC ,, ,. ,^ 

Figure 9 indicates the maximum voltage swing available 
to the receiver. 
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SIDETONE CANCELLATION 

Sidetone cancellation is provided by current amplifier 
A3 (see Figure 1) which generates a current represen- 
tative of the transmit signal to cancel the reflected side- 
tone signal coming in through ZB and A4. To achieve 
perfect cancellation (no AC current out of RXA), it is 
necessary that: 

ZB = (40 X RI/ZZline) " 500 H (Equation 5) 

where ZB is the network composed of R9, R10, and C9, 
and Zliivje is the AC impedance of the line. The reactive 
components of the line's impedance can be compen- 
sated for by making the ZB network comparably reac- 
tive. In Figure 1, C9 provides a phase shift to compen- 
sate for the phase shift created by the phone line. 

LOGIC INTERFACE (M ute an d MS) 

The two logic inputs (Mute and MS) are used to switch 
the MC34114 between the speech and dialing modes 
according to the following table: 

TABLE 2 — LOGIC INPUTS 



Mute 


MS 


Mode 


High 
Low 
Low 


X 

High 
Low 


Speech 
Pulse Dialing 
Tone Dialing 



Table 2, together with Table 1, describes the condition 
of the MC341 14 in the various modes. Figure 26 shows 
the input configuration for the Mute and MS pins. 



the receiver. The other functions listed in Table 1 trans- 
fer within 10 /xs. 

The MS pin is functional only when Mute is low and 
its only function is to provide an additional voltage level 
shift between Vqc and LR in the tone dialing mode (see 
the section on DC Interface). The input Impedance is 
«60 kO when Vqc > 1-5 volts. A logic "0" is between 
ground and 0.3 volts, and a logic "1" is between 2.0 
volts and Vdd- The switching threshold is typically 0.75 
volts. If unused, this pin must be connected to ground 
or Vdd, and not left open. 

When Vcc = (on-hook condition), and a voltage in 
the range of to 6.0 volts is applied to Mute, a leakage 
current of (typically) 0.02 / xA wi ll flow if Mute and Vqd 
are at the same voltage. If Mute is at a voltage different 
from Vdd^ current will flow through the internal resis- 
tors and/or diode. If a memory sustaining battery is used 
in conjunction with an external dialer, a nd is c onfigured 
so that its voltage appears at VdD/ Mute must be 
allowed to float or be connected to Vqd — otherwise 
current (in the range of 100-200 fiA) will f low from the 
battery through Vqd and out of the Mute pin. 

When Vcc = 0' and a voltage in the range of to 6.0 
volts Is applied to MS, a leak age c urrent of (typically) 
0. 01 fjiA will result as long as Mute is open or at N/dq. 
If Mute is at ground, an equival ent 3. 5 kfl parasitic resis- 
tance exists between MS and Mute. 

When Vcc < ^-^ volts, the Mute function is non- 
existent and the MC34114will be in the speech mode. 

APPLICATIONS INFORMATION 



FIGURE 26 — LOGIC INPUTS 
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The Mute input has a nominal input impedance of 60 
kO, referenced to V^d- This pin may be left open for a 
logic "1," or connected to Vdq. A logic "1" is defined 
as between Vdd-0.5 volts and V^D- A logic "0" is 
defined as between ground and 1.0 vo lt. The switching 
threshold is -2.3 volts. When Mute is switched low 
(speech to dialing), the changes listed in Table 1 will 
occur within 1 ^ts. Upon switching high (back to speech 
mode), however, the receive amplifier feedback resistor 
will be switched out after a delay of (typically) 11 ms. 
This feature prevents dialing transients (particularly 
during pulse dialing) from being heard as loud clicks in 



DESIGN SEQUENCE 

The design sequence for incorporating the MC34114 
Into most applications will be as follows (refer to Figure 
1): 

1) Decide on the AC terminating impedance (return 
loss), and select R1 to be that value (typically 600 H). If 
there are other devices powered by the loop current 
which will be in parallel with R1 (such as a pulse dialing 
circuit) which lower the effective terminating imped- 
ance, R1 can be increased accordingly. 

2) Select the maximum value of R12 which will pro- 
vide the minimum required transmit and receive signals 
according to Figures 8 and 9. 

3) Select the sum {R2 + R3} to provide the desired 
Tip and Ring DC voltage versus loop current character- 
istics. Then select R3 for the desired starting point of 
the loop length compensation. The compensation 
begins when the voltage across R3 is —0.4 volt. 

4) Select R4 and R5 (they should be equal) to properly 
bias the microphone. The microphone's manufacturer 
should be consulted for this information. 

5) Select R6 for proper transmit gain. See equation 
1. Then select C5 to provide low frequency roll-off. 
Adjust R6 as required. 

6) Select the ZB network (R9, RIO, C9) to provide side- 
tone cancellation. See equation 5. 

7) Select R8 for proper receive gain (depends on the 
specific receiver used). See equation 2. Then select C8 
to provide low frequency roll-off. Adjust R8 as required. 
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Additional comments on Figure 1 components: 

1) Capacitors CI, C2, and C7 are required to stabilize 
the respective regulators. In most applications it should 
not be necessary to change from the values shown in 
Figure 1. 

2) C3 and C4 can be selected to provide low fre- 
quency roll-off for the microphone signals. 

3) CIO filters noise generated by the MC34114, and 
should be close to the Vqc P'"- 'ts recommended value 
(0.01 /xF) is such that it does not noticeably affect the 
system parameters. It can be increased, if desired, to 
provide high frequency roll-off for both transmit and 
receive signals. This, however, will affect the return loss 
specification at higher frequencies. 

4) Since TXI is a (relatively) low impedance current 
input, it is a convenient point for injecting any signals 
which are to be transmitted out onto Tip and Ring. C6 
and R7 are shown for transmitting the DTMF signals 
from a dialer. Additional RC networks can be connected 
to TXI for transmitting signals from speakerphones, 
modems, or other signal sources. The voltage gain from 
each signal source to Tip and Ring is: 

ZLINE//R1 xlOOxAGC 



Gs = 



(Rx + Zcx) 



(Equation 6) 



where Rx and Zcx represent the impedances of the R 
and C for the particular signal source. If several signal 
sources are connected to TXI, the parallel combination 
of R6, R1 2, the Internal 1 .0 k resistor, and any other RCs 
at this pin must be considered when setting the gain 
for each signal. 



5) The 12 volt zener diode shown in Figure 1 is for 
transient protection, and normally does not conduct. 
Transient and overvoltage protection MUST be pro- 
vided externally so that the Absolute Maximum Ratings 
are not exceeded. 

BASIC TELEPHONE CIRCUIT 

Figure 27 depicts a complete basic telephone using 
the MC341 1 4 speech network, the MCI 4541 2 pulse/tone 
dialer, and the MC34017 tone ringer. 

The MC34114 provides the speech network/hybrid 
functions, and its component values are calculated as 
described previously in this data sheet. The resistor 
from Vcc to Vb is 820 H (rather than 600 H) in this 
example since it is in parallel with the 2.0 kCl resistor in 
the pulse dialing transistor network (providing and 
effective 600 ft termination). 

The MC145412 dialer is a pulse/tone dialer with 10 
number memory, including last number redial. Power 
to the dialer is from the MC34114's Vdd output, diode 
connected with a memory sustaining battery. 

The MC34017 tone ringer (see its data sheet for 
details) is connected directly to Tip and Ring as it is not 
necessary to disconnect it when off-hook. This circuit 
has an REN -0.5, and meets all EIA-470 and Bell system 
requirements for impedance, anti-bell tapping, and 
turn-on/off thresholds. 

OPERATION WITH A POWER SUPPLY 

Figure 28 indicates how to incorporate the MC34114 
Into a circuit where a power supply is used. 



FIGURE 27 — BASIC PULSE/TONE TELEPHONE 
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FIGURE 28 — USE WITH A POWER SUPPLY 
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A transformer (T1 ) is required at Tip and Ring to pro- 
vide the isolation required between the phone line and 
any AC power and earth ground. (The transfornner must 
be rated to handle the loop current.) Since the loop 
current does not pass through the MC341 1 4, loop length 
compensation is not possible in this circuit, and pin 2 
(LR) is left open. The RAGC pin is grounded, setting the 
transmit and receive gains to their maximum. 

The transformer provides a path for the power supply 
to reach the MC34114, while simultaneously coupling 
speech signals between Tip/Ring and the MC341 14. The 
two series diodes provide transient clamping, as does 
the 12 volt zener diode. Although a +9.0 volt supply is 
shown, other voltages can be used as long as the 
MC34114 receives between 4.0 and 10.5 volts at V^c- 

Because of the isolation requirement, the MC145412 
dialer requires a relay (RL1) to break the loop current 
during pulse dialing. The relay is normally off, and ener- 
gized only during pulse dialing. The 1.0 /aF capacitor 
(rated 250 volts min., NPO) across the relay contacts 
helps absorb transients generated during pulse dialing. 

ALTERNATE MICROPHONE CONFIGURATIONS 

The MC341 14 is designed for use with electret micro- 
phones, although dynamic microphones can be used. 
Carbon microphones are not recommended as they 
generally require considerable bias current which is not 
available from the MC34114's regulators. 

When using an electret microphone which requires 
more than 1 .7 volts, but less than 1 .0 mA for bias, it can 
be biased from Vdd instead. 

If a three terminal electret microphone (containing an 
internal biasing resistor or equivalent) is used, it should 
be connected to the MC34114 as shown in Figure 29. 
The common mode rejection of the balanced circuit 
shown in Figure 1 is not present however, and care 
should be taken to prevent unwanted signals (radio sta- 



tions, noise, etc.) from being picked up by the micro- 
phone leads. 

FIGURE 29 — 3-TERMINAL MICROPHONE 




Figure 30 indicates use of the MC341 14 with a dynamic 
microphone. The output level of dynamic microphones 
is generally lower than electret units, and so the gain 
of the transmit path will have to be adjusted 
accordingly. 

FIGURE 30 — DYNAMIC MICROPHONE 
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FIGURE 32 — PULSE/TONE FEATUREPHONE WITH MEMORY — LINE POWERED 
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NOTES: 

1) All capacitors in nf except where noted. 

2) HS = Handset operated hookswitch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole. 
Switches shown in on-hook position. 

3) All diodes 1N4002. 

4) These resistors depend on the specific microphones. 
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FIGURE 33 — PULSE/TONE FEATUREPHONE WITH MEMORY — LINE POWERED 



NOTES: 

1) HS = Handset operated switch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole. 
Switches shown in on-hook position. 

2) Microphone biasing resistor values depend on the specific I 100 k CPT 
microphone. 

3) All diodes 1N4002. 
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EMI SUSCEPTIBILITY 

Potential EMI susceptibility problems should be 
addressed early in the electrical and mechanical design 
of the telephone. EMI may enter the circuit through Tip 
and Ring, through the microphone wiring, or through 
any of the PC board traces. The most sensitive pins on 
the MC341 14 are the microphone amplifier Inputs (MCI , 
MC2). Board traces to these pins should be kept short, 
and the associated components should preferably be 



physically close to the pins. TXI, RXI, and ZB should 
also be considered sensitive to EMI signals. 

The microphone wires within the handset cord can 
act as an antenna, and pick up nearby radio stations. If 
this is a problem in the final design, adding RF filters 
(consisting of ferrite beads and small (0.001 /iF) ceramic 
capacitors) to the PC board where the wires attach to 
the board can generally reduce the problem. 



SUGGESTED VENDORS 



Microphones 

Primo Microphones Inc. 
Bensenville, III. 60106 
312-595-1022 
Model EM-60 



MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 



Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 



Telecom Transformers 

Microtran Co., Inc. 

Valley Stream, N.Y. 11528 

516-561-6050 

Ask for Applications 

Bulletin F232 



Stancor Products 
Logansport, IN 46947 
219-722-2244 



PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 



Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 

Motorola Inc. does not endorse or warrant the suppliers referenced. 

Compliance with FCC or other regulatory agencies of the circuits described herein is not implied or guaranteed by 

Motorola Inc. 
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CONTiNUOUSLY VARIABLE SLOPE 
DELTA MODULATOR/DEMODULATOR 

Providing a simplified approach to digital speech encoding/ 
decoding, the MC34115 CVSD is designed for speech synthesis 
and commercial telephone applications. A single IC provides both 
encoding and decoding functions. 

• Encode and Decode Functions Selectable with a Digital Input 

• Utilization of Compatible I^L — Linear Bipolar Technology 

• CMOS Compatible Digital Output 

• Digital Input Threshold Selectable (Vcc/2 reference provided 
on chip) 

• 3-Bit Algorithm 
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MAXIMUM RATINGS 

(All voltages referenced to VeE' Ta = 25°C 


) unless otherwise noted.) (See Note 2.) 


Rating 


Symbol 


Value 


Unit 


Power Supply Voltage 


vcc 


-0.4 to +18 


Vdc 


Differential Analog Input Voltage 


VjD 


±5.0 


Vdc 


Digital Threshold Voltage 


Vth 


-0.4 to Vcc 


Vdc 


Logic Input Voltage 


VLogic 


-0.4 to +18 


Vdc 


(Clock, Digital Data, Encode/Decode) 


Coincidence Output Voltage 


Vo(Con) 


-0.4 to +18 


Vdc 


Syllabic Filter Input Voltage 


V|(Svl) 


-0.4 to Vcc 


Vdc 


Gain Control Input Voltage 


V|(GC) 


-0.4 to Vcc 


Vdc 


Reference Input Voltage 


V|(Ref) 


Vcc/2-l.OtoVcc 


Vdc 


Vcc/2 Output Current 


iRef 


-25 


mA 


Operating Ambient Temperature Range 


ta 


Oto +70 


°C 


Operating Junction Temperature 


Tj 


+ 150 


°C 


Storage Temperature Range 


Tstg 


-55 to +125 


°C 



ELECTRICAL CHARACTERISTICS 

(Vcc = 12 V, Vee = Gnd, Ta = 0°C to + 70°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Power Supply Voltage Range (Figure 1) 


Vcc 


4.75 


12 


16.5 


Vdc 


Power Supply Current (Figure 1) 
(Idle Channel) 
Vcc = 5.0 V 
Vcc = 15 V 


"cc 


- 


4.6 
7.0 


7.5 
12 


mA 


Clock Rate 


SR 


— 


16 k 


— 


Samples/s 


Gain Control Current Range (Figure 2) 


IGCR 


0.002 


— 


3.0 


mA 


Analog Comparator Input Range (Pins 1 and 2) 
4.75 V^ Vcc =^ 16-5 V 


V| 


1.3 


— 


Vcc -1.3 


Vdc 


Analog Output Range (Pin 7) 
4.75 V ^ Vcc ^ 16-5 V, Iq = ±5.0 mA 


vo 


1.3 


— 


Vcc -1-3 


Vdc 


Input Bias Currents (Figure 3) 
Comparator in Active Region 
Analog Input (11) 
Analog Feedback (12) 
Syllabic Filter Input (13) 
Reference Input (15) 


l|B 


- 


0.5 

0.5 

0.06 

-0.06 


2.5 

2.5 

0.5 

-0.5 


fxA 


Input Offset Current 

Comparator in Active Region 
Analog Input/Analog Feedback 

|I1-I2| — Figures 

Integrator Amplifier 

|I5-I6| — Figure 4 


l|0 


- 


0.15 
0.02 


0.8 
0.2 


AtA 


Input Offset Voltage 
V/l Converter (Pins 3 and 4) — Figure 5 


V|0 


— 


2.0 


10 


mV 


Transconductance 
V/l Converter, to 3.0 mA 
Integrator Amplifier, to +5.0 mA Load 


gm 


0.1 
1.0 


0.3 
10 


- 


mA/mV 


Propagation Delay Times (Note 1) 
Clock Trigger to Digital Output 

Cl = 25pFtoGnd 
Clock Trigger to Coincidence Output 

Cl = 25 pFto Gnd 

Rl = 4.0 ka to Vcc 


tPLH 
tPHL 
tpLH 
tPHL 


— 


1.0 
0.8 
1.0 
0.8 


3.0 
3.0 
3.5 
2.5 


fxs 



NOTES 1. All propagation delay times measured 50% to 50% from the negative going (from Vqc to +0.4 V) edge of the clock. 

2. Devices should not be operated at these values. The "Electrical Characteristics" provide conditions for actual device operation. 
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ELECTRICAL CHARACTERISTICS (continued) 



Characteristic 


Symbol 


Min 


Typ 


IVlax 


Unit 


Coincidence Output Voltage — 


VOL(Con) 


_ 


0.12 


0.25 


Vdc 


Low Logic State 












lOL(Con) = 3.0 mA 












Coincidence Output Leakage Current — 


lOH(Con) 


— 


0.01 


0.5 


nk 


High Logic State 












VoH = 15 V 












Applied Digital Threshold Voltage Range (Pin 12) 


vth 


+ 1.2 


— 


Vcc -2.0 


Vdc 


Digital Threshold Input Current 


'l(th) 








ixk 


1.2V^Vth^Vcc -2.0 V 












V|L applied to Pins 13, 14 and 15 




— 


— 


5.0 




V|H applied to Pins 13, 14 and 15 




— 


-10 


-50 




Maximum Integrator Amplifier Output Current 


lO 


±5.0 


— 


— 


mA 


Vcc/2 Generator Maximum Output Current 


'Ref 


+ 10 


_ 


— 


mA 


(Source only) 












Vcc/2 Generator Output Impedance 


zRef 


— 


3.0 


6.0 


a 


to +10 mA 












Vcc/2 Generator Tolerance 


er 


— 


— 


±3.5 


% 


4.75 V^Vcc^ 16.5 V 












Logic Input Voltage (Pins 13, 14 and 15) 










Vdc 


Low Logic State 


V|L 


Gnd 


— 


Vth -0.4 




High Logic State 


V|H 


Vth +0.4 


— 


16.5 




Dynamic Total Loop Offset Voltage 


SVoffset 








mV 


(Note 3) — Figures 3, 4 and 5 












IGC = 33/aA,Vcc = 12 V 












Ta = 25°C 




— 


±2.5 


±7.0 




OX^Ta^ +70°C 




— 


±3.0 


±10 




Igc = 33 ^i,^, Vcc = b.o v 












Ta = 25°C 




— 


±4.0 


±8.0 




OT^Ta^ +70°C 




— 


±4.5 


±12 




Digital Output Voltage (Pin 9) 










Vdc 


Iql = 3.6 mA 


Vol 


— 


0.1 


0.4 




Iqh = -0.35 mA 


VOH 


Vcc -1.0 


Vcc -0.2 


— 




Syllabic Filter Applied Voltage (Pin 3) 


VkSvI) 


+ 3.2 


— 


Vcc 


Vdc 


Integrating Current (Figure 2) 


IllntI 










Igc = 12 /iA 




8.0 


10 


12 


ilk 


Iqc = 1-5 mA 




1.4 


1.5 


1.6 


mA 


Igc = 3.0 mA 




2.75 


3.0 


3.25 


mA 


Dynamic Integrating Current Match (Figure 6) 


Vo(Ave) 


— 


±100 


±300 


mV 


Igc = 1-5 mA 












Input Current — High Logic State 


l|H 








mA 


V|H = 16.5 V 












Digital Data Input 




— 


— 


+ 5.0 




Clock Input 




— 


— 


+ 5.0 




Encode/Decode Input 




— 


— 


+ 5.0 




Input Current — Low Logic State 


l|L 








tik 


V|L = V 












Digital Data Input 




— 


— 


-10 




Clock Input 




— 


— 


-360 




Encode/Decode Input 




— 


— 


-36 




Clock Input, V|L = 0.4 V 




— 


— 


-72 





NOTE 3. Dynamic total loop offset (SVoffset) equals V|o (comparator) (Figure 3) minus V|ox (Figure 5). The input offset voltages of the analog 
comparator and of the integrator amplifier include the effects of input offset current through the input resistors. The slope polarity switch 
current mismatch appears as an average voltage across the 10 k integrator resistor. The clock frequency is 16 kHz. Idle channel performance 
is guaranteed if this dynamic total loop offset is less than one-half of the change in integrator output voltage during one clock cycle (ramp 
step size). 
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DEFINITIONS AND FUNCTION OF PINS 



Pin 1 — Analog Input 

This is the analog comparator inverting input where 
the voice signal is applied. It may be ac or dc coupled 
depending on the application. If the voice signal is to 
be level shifted to the internal reference voltage, then 
a bias resistor between Pins 1 and 10 is used. The re- 
sistor is used to establish the reference as the new dc 
average of the ac coupled signal. The analog compar- 
ator was designed for low hysteresis (typically less than 
0.1 mV) and high gain (typically 70 dB). 

Pin 2 — Analog Feedback 

This is the non-inverting input to the analog signal 
comparator within the IC. In an encoder application it 
should be connected to the analog output of the encoder 
circuit. This may be Pin 7 or a low pass filter output 
connected to Pin 7. In a decode circuit Pin 2 is not used 
and may be tied to Vcc/2 on Pin 10, ground or left open. 

The analog input comparator has bias currents of 2.5 
)LtA max, thus the driving impedances of Pins 1 and 2 
should be equal to avoid disturbing the idle channel 
characteristics of the encoder. 

Pin 3 — Syllabic Filter 

This is the point at which the syllabic filter voltage is 
returned to the IC in order to control the integrator step 
size. It is an NPN input to an op amp. The syllabic filter 
consists of an RC network between Pins 11 and 3. Typ- 
ical time constant values of 6 ms to 50 ms are used in 
voice codecs. 

Pin 4 — Gain Control Input 

The syllabic filter voltage appears across 0$ of the 
syllabic filter and is the voltage between Vcc and Pin 
3. The active voltage to current (V-l) converter drives 
Pin 4 to the same voltage at a slew rate of typically 0.5 
y/fis. Thus the current injected into Pin 4 (Iqc) 's the 
syllabic filter voltage divided by the Rx resistance. Fig- 
ure 7 shows the relationship between \qq (x-axis) and 
the integrating current, l|nt (y-axis). The discrepancy, 
which is most significant at very low currents, is due to 
circuitry within the slope polarity switch which enables 
trimming to a low total loop offset. The Rx resistor is 
then varied to adjust the loop gain of the codec, but 
should be no larger than 5.0 kfl to maintain stability. 

Pin 5 — Reference Input 

This pin is the non-inverting input of the integrator 
amplifier. It is used to reference the dc level of the output 
signal. In an encoder circuit it must reference the same 
voltage as Pin 1 and is tied to Pin 10. 

Pin 6 — Filter Input 

This inverting op amp input is used to connect the 
integrator external components. The integrating current 
(l|nt) flows into Pin 6 when the analog input (Pin 1) is 
high with respect to the analog feedback (Pin 2) in the 



encode mode or when the digital data input (Pin 13) is 
high in the decode mode. For the opposite states, l|nt 
flows out of Pin 6. Single integration systems require a 
capacitor and resistor between Pins 6 and 7. Multipole 
configurations will have different circuitry. The resis- 
tance between Pins 6 and 7 should typically be between 
8 kft and 13 kft to maintain good idle channel 
characteristics. 

Pin 7 — Analog Output 

This is the integrator op amp output. It is capable of 
driving a 600-ohm load referenced to Vcc/2 to +6 dBm 
and can otherwise be treated as an op amp output. Pins 
5, 6, and 7 provide full access to the integrator op amp 
for designing integration filter networks. The slew rate 
of the internally compensated integrator op amp is typ- 
ically 0.5 y/fjLS. Pin 7 output is current limited for both 
polarities of current flow at typically 30 mA. 

Pin 8 — Vee 

The circuit is designed to work in either single or dual 
power supply applications. Pin 8 is always connected 
to the most negative supply. 

Pin 9 — Digital Output 

The digital output provides the results of the delta 
modulator's conversion. It swings between Vcc arid 
Vee and is CMOS or TTL compatible. Pin 9 is inverting 
with respect to Pin 1 and non-inverting with respect to 
Pin 2. It is clocked on the falling edge of Pin 14. The 
typical 10% to 90% rise and fall times are 250 ns and 
50 ns respectively for Vcc = 12 V and C|_ = 25 pF to 
ground. 

Pin 10 — Vcc/2 Output 

An internal low impedance mid-supply reference is 
provided for use of the MC34115 in single supply ap- 
plications. The internal regulator is a current source and 
must be loaded with a resistor to insure its sinking ca- 
pability. If a +6 dBmo signal is expected across a 600 
ohm input bias resistor, then Pin 10 must sink 2.2 V/600 
CI = 3.66 mA. This is only possible if Pin 10 sources 
3.66 mA into a resistor normally and will source only 
the difference under peak load. The reference load re- 
sistor is chosen accordingly. A 0.1 ^tF bypass capacitor 
from Pin 10 to Vee 's also recommended. The Vcc/2 
reference is capable of sourcing 10 mA and can be used 
as a reference elsewhere in the system circuitry. 



Pin 11 — Coincidence Output 

The coincidence output will be low whenever the con- 
tent of the internal 3 bit shift register is all Is or all Os. 
Pin 11 is an open collector of an NPN device and re- 
quires a pull-up resistor. If the syllabic filter is to have 
equal charge and discharge time constants, the value 
of Rp should be much less than Rs- In systems requiring 
different charge and discharge constants, the charging 
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DEFINITIONS AND FUNCTION OF PINS (continued) 



constant is RsCs while the decaying constant is (Rs + 
Rp)Cs. Thus longer decays are easily achievable. The 
NPN device should not be required to sink more than 
3 mA. The typical 10% to 90% rise and fall times are 
200 ns and 100 ns respectively for Rl = 4 kft to + 12 V 
and Ci_ = 25 pF to ground. 

Pin 12 — Digital Threshold 

This input sets the switching threshold for Pins 13, 
14, and 15. It is intended to aid in interfacing different 
logic families without external parts. Typically It is con- 
nected to the Vcc/2 reference for CMOS interface or can 
be biased two diode drops above Vee for TTL interface. 

Pin 13 — Digital Data Input 

In a decode application, the digital data stream is ap- 
plied to Pin 13. In an encoder it may be unused or may 
be used to transmit signaling message under the control 
of Pin 15. It is an inverting Input with respect to Pin 9. 
When Pins 9 and 13 are connected, a toggle flip-flop is 
formed and a forced idle channel pattern can be trans- 
mitted. The digital data input level should be maintained 
for 0.5 ixs before and after the clock trigger for proper 
clocking. 



Pin 14 — Clock Input 

The clock input determines the data rate of the codec 
circuit. A 16K bit rate requires a 1 6 kHz clock. The switch- 
ing threshold of the clbck input is set by Pin 12. The 
shift register circuit toggles on the falling edge of the 
clock input. The minimum width for a positive-going 
pulse on the clock input Is 300 ns, whereas for a 
negative-going pulse, it is 900 ns. 



Pin 15 — Encode/Decode 

This pin controls the connection of the analog input 
comparator and the digital input comparator to the in- 
ternal shift register. If high, the result of the analog com- 
parison will be clocked into the register on the falling 
edge at Pin 14. If low, the digital input state will be 
entered. This allows use of the IC as an encoder/decoder 
or simplex codec without external parts. Furthermore, 
it allows non-voice patterns to be forced onto the trans- 
mission line through Pin 13 In an encoder. 

Pin16 — Vcc 

The power supply range is from 4.75 to 16.5 volts 
between pin Vqc and Vee- 



FIGURE 1 — POWER SUPPLY CURRENT 
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FIGURE 2 — IgcR' GAIN CONTROL RANGE and 
l|nt — INTEGRATING CURRENT 
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Note: Digital Output = Digital Data input 

*For static testing, the clock is only necessary for precondition- 
ing to obtain proper state for a given input. 
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FIGURE 3 — INPUT BIAS CURRENTS, ANALOG 
COMPARATOR OFFSET VOLTAGE AND CURRENT 
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Note: The analog comparator offset voltage is tested under 

dynamic conditions and therefore must be measured with 
appropriate filtering. 



FIGURE 5 — V/l CONVERTER OFFSET VOLTAGE, 
V|o and V|ox 
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Note: V|ox 's the average voltage of the triangular waveform 
observed at the measurement points. 



FIGURE 4 — INTEGRATOR AMPLIFIER OFFSET 
VOLTAGE AND CURRENT 
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FIGURE 6 — DYNAMIC INTEGRATING CURRENT MATCH 




Vo(AV) 
(Note 1) 



*Clock Frequency = 16 kHz 

Notes: 1. Vo(aV)' Dynamic Integrating Current Match, is the av- 
erage voltage of the triangular waveform observed at 
the measurement points, across 10 kil resistor with 
Iqc = 1-5 mA. 
2. See Note 3 of the Electrical Characteristics, Page 3. 
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FIGURE 7 — TYPICAL l|nt versus Iqc (Mean ± la) 
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FIGURE 8 — NORMALIZED DYNAMIC 
INTEGRATING CURRENT MATCH versus Vqc 
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FIGURE 9 — NORMALIZED DYNAMIC INTEGRATING 
CURRENT MATCH versus CLOCK FREQUENCY 
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FIGURE 10 — DYNAMIC TOTAL LOOP 
OFFSET versus CLOCK FREQUENCY 
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FIGURE 11 — BLOCK DIAGRAM OF THE CVSD ENCODER 
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FIGURE 12 — CVSD WAVEFORMS 




FIGURE 13 — BLOCK DIAGRAM OF THE CVSD DECODER 
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CVSD CIRCUIT SCHEMATIC 
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CIRCUIT DESCRIPTION 



The continuously variable slope delta modulator 
(CVSD) Is a simple alternative to more complex con- 
ventional conversion techniques in systems requiring 
digital communication of analog signals. The human 
voice is analog, but digital transmission of any signal 
over great distance is attractive. Signal/noise ratios do 
not vary with distance in digital transmission and mul- 
tiplexing, switching and repeating hardware is more 
economical and easier to design. However, instrumen- 
tation A to D converters do not meet the communica- 
tions requirements. The CVSD A to D is well suited to 
the requirements of digital communications and is an 
economically efficient means of digitizing analog inputs 
for transmission. 

The Delta Modulator 

The innermost control loop of a CVSD converter is a 
simple delta modulator. A block diagram CVSD Encoder 
is shown in Figure 11. A delta modulator consists of a 
comparator in the forward path and an integrator in the 
feedback path of a simple control loop. The inputs to 
the comparator are the input analog signal and the in- 
tregrator output. The comparator output reflects the 
sign of the difference between the input voltage and 
the integrator output. That sign bit is the digital output 
and also controls the direction of ramp in the integrator. 
The comparator is normally clocked so as to produce a 
synchronous and band limited digital bit stream. 

If the clocked serial bit stream is transmitted, received, 
and delivered to a similar integrator at a remote point, 
the remote integrator output is a copy of the transmit- 
ting control loop integrator output. To the extent that 
the integrator at the transmitting locations tracks the 
input signal, the remote receiver reproduces the input 
signal. Low pass filtering at the receiver output will elim- 
inate most of the quantizing noise, if the clock rate of 
the bit stream is an octave or more above the bandwidth 
of the input signal. Voice bandwidth is 4 kHz and clock 
rates from 8 k and up are possible. Thus the delta mod- 
ulator digitizes and transmits the analog input to a re- 
mote receiver. The serial, unframed nature of the data 
is ideal for communications networks. With no input at 
the transmitter, a continuous one zero alternation is 
transmitted. If the two integrators are made leaky, then 
during any loss of contact the receiver output decays 
to zero and receive restart begins without framing when 
the receiver reacquires. Similarly a delta modulator is 
tolerant of sporadic bit errors. Figure 1 2 shows the delta 
modulator waveforms while Figure 13 shows the cor- 
responding CVSD decoder block diagram. 

The Companding Algorithm 

The fundamental advantages of the delta modulator 
are its simplicity and the serial format of its output. Its 
limitations are its ability to accurately convert the input 
within a limited digital bit rate. The analog input must 



be band limited and amplitude limited. The frequency 
limitations are governed by the nyquist rate while the 
amplitude capabilities are set by the gain of the 
integrator. 

The frequency limits are bounded on the upper end; 
that is, for any input bandwidth there exists a clock 
frequency larger than that bandwidth which will trans- 
mit the signal with a specific noise level. However, the 
amplitude limits are bounded on both upper and lower 
ends. For a signal level, one specific gain will achieve 
an optimum noise level. Unfortunately, the basic delta 
modulator has a small dynamic range over which the 
noise level is constant. 

The continuously variable slope circuitry provides 
increased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input band- 
width the additional circuitry increases the delta 
modulator's dynamic range. External to the basic delta 
modulator is an algorithm which monitors the past few 
outputs of the delta modulator in a simple shift register. 
The register is 3 bits long. The accepted CVSD algorithm 
simply monitors the contents of the shift register and 
indicates if it contains all 1 s or Os. This condition is called 
coincidence. When it occurs, it indicates that the gain 
of the integrator is too small. The coincidence output 
charges a single pole low pass filter. The voltage output 
of this syllabic filter controls the integrator gain through 
a pulse amplitude modulator whose other input is the 
sign bit or up/down control. 

The simplicity of the all ones, all zeros algorithm 
should not be taken lightly. Many other control algo- 
rithms using the shift register have been tried. The key 
to the accepted algorithm is that it provides a measure 
of the average power or level of the input signal. Other 
techniques provide more instantaneous information 
about the shape of the input curve. The purpose of the 
algorithm is to control the gain of the integrator and to 
increase the dynamic range. Thus a measure of the av- 
erage input level is what is needed. 

The algorithm is repeated in the receiver and thus the 
level data is recovered in the receiver. Because the al- 
gorithm only operates on the past serial data, it changes 
the nature of the bit stream without changing the chan- 
nel bit rate. 

The effect of the algorithm is to compand the input 
signal. If a CVSD encoder is played into a basic delta 
modulator, the output of the delta modulator will reflect 
the shape of the input signal but all of the output will 
be at an equal level. Thus the algorithm at the output 
is needed to restore the level variations. The bit stream 
in the channel is as if it were from a standard delta 
modulator with a constant level input. 

The delta modulator encoder with the CVSD algo- 
rithm provides an efficient method for digitizing a voice 
input in a manner which is especially convenient for 
digital communications requirements. 
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FIGURE 14 — 16 kHz SIMPLEX VOICE CODEC 
(Using MC34115, Single Pole Companding and Single Integration) 
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APPLICATIONS INFORMATION 
CVSD DESIGN CONSiDERATIONS 



A simple CVSD encoder using the MC34115 is shown 
in Figure 14. This IC is a general purpose CVSD building 
block, which allow the system designer to tailor the en- 
coder's transmission characteristics to the application. 
Thus, the achievable transmission capabilities are con- 
strained by the fundamental limitations of delta mod- 
ulation and the design of encoder parameters. The per- 
formance is not dictated by the internal configuration 
of the MC34115. There are six design considerations 
involved in designing the basic CVSD building block into 
a specific codec application. 

These are listed below: 

1. Selection of clock rate 



2. Selection of loop gain 

3. Selection of minimum step size 

4. Design of integration filter transfer function 

5. Design of syllabic filter transfer function 

6. Design of low pass filter at the receiver 

The circuit In Figure 14 Is the most basic CVSD circuit 
possible. For many applications In secure radio or other 
Intelligible voice channel requirements, it is entirely suf- 
ficient. In this circuit. Items 4 and 5 are reduced to their 
simplest form. They syllabic and integration filters are 
both single pole networks. The selection of Items 1 
through 3 govern the codec performance. 
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CVSD DESIGN CONSIDERATIONS (continued) 



Layout Considerations 

Care should be exercised to isolate all digital signal 
paths (Pins 9, 11, 13, and 14) from analog signal paths 
(Pins 1-7 and 10) in order to achieve proper idle channel 
performance. 

Clock Rate 

With minor modifications the circuit in Figure 14 may 
be operated anywhere from 9.6 kHz to 64 kHz clock rates. 
Obviously the higher the clock rate the higher the S/N 
performance. The circuit in Figure 14 typically produces 
the S/N performance shown in Figure 15. The selection 
of clock rate is usually dictated by the bandwidth of the 
transmission medium. Voice bandwidth systems will 
require no higher than 9600 Hz. Some radio systems 
will allow 12 kHz. Private 4-wire telephone systems are 
often operated at 16 kHz and commercial telephone per- 
formance can be achieved at 32K bits and above. 



FIGURE 15 — SIGNAL-TO-NOISE PERFORMANCE 

OF MC34115 WITH SINGLE INTEGRATION, SINGLE-POLE 

AND COMPANDING AT 16K BITS — TYPICAL 
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Selection of Loop Gain 

The gain of the circuit in Figure 14 is set by resistor 
Rx- Rx must be selected to provide the proper integrator 
step size for high level signals such that the companding 
ratio does not exceed about 25%. The companding ratio 
is the active low duty cycle of the coincidence output 
on Pin 11 of the codec circuit. Thus the system gain is 
dependent on: 

1. The maximum level and frequency of the input 
signal. 

2. The transfer function of the integration filter. 

For voice codecs the typical input signal is taken to be 
a sine wave at 1 kHz of dBmo level. In practice, the 
useful dynamic range extends about 6 dB above the 
design level. In any system the companding ratio should 
not exceed 30%. 



To calculate the required step size current, we must 
describe the transfer characteristics of the integration 
filter. In the basic circuit of Figure 14, a single pole of 
160 Hz is used. 

R = 10 ka, C = 0.1 juF 

Vo _ 1 ^ K 

Ij C(S + 1/RC) S + coq 

(Oq = 277f 

103 = wq = 27rf 
f= 159.2 Hz 
Note that the integration filter produces a single- 
pole response from 300 to 3 kHz. The current required 
to move the integrator output a specific voltage from 
zero is simply: 

' R dt 

Now a dBmo sine wave has a peakvalue of 1.0954 
volts. In 1/8 of a cycle of a sine wave centered around 
the zero crossing, the sine wave changes by approxi- 
mately its peak value. The CVSD step should trace that 
change. The required current for a dBm 1 kHz sine 
wave is: 

1.1 V 0.1 jLtFd.l) 



li = 



= 0.935 mA 



' *2(10ka) ' 0.125 ms 

*The maximum voltage across R when maximum 
slew is required is: 

1.1 V 
2 
Now the voltage range of the syllabic filter is the 
power supply voltage, thus: 

'^x = 0.25(Vcc)5;y^ 

A similar procedure can be followed to establish 
the proper gain for any input level and integration filter 
type. 



Minimum Step Size 

The final parameter to be selected for the simple co- 
dec in Figure 14 is idle channel step size. With no input 
signal, the digital output becomes a one-zero alternat- 
ing pattern and the analog output becomes a small tri- 
angle wave. Mismatches of internal currents and offsets 
limitthe minimum step size which will produce a perfect 
idle channel pattern. The MC34115 is tested to ensure 
that a 20 mVp-p mimimum step size at 16 kHz will attain 
a proper idle channel. The idle channel step size must 
be twice the specified total loop offset if a one-zero idle 
pattern is desired. In some applications a much smaller 
minimum step size (e.g., 0.1 mV) can produce quiet 
performance without providing a 1-0 pattern. 
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CVSD DESIGN CONSIDERATIONS (continued) 



To set the Idle channel step size, the value of Rpnin 
must be selected. With no Input signal, the slope control 
algorithm is inactive. A long series of ones or zeros 
never occurs. Thus, the voltage across the syllabic filter 
capacitor (Cs) would decay to zero. However, the volt- 
age divider of Rs and Rpnin (see Figure 14) sets the 
minimum allowed voltage across the syllabic filter ca- 
pacitor. That voltage must produce the desired ramps 
at the analog output. Again we write the filter input 
current equation: 



li 



R dt 



For values of Vq near Vcc/2 the Vq/R term is negli- 
gible; thus 

AVq 
AT 



li = Cs ■ 



where AT is the clock period and AVq is the desired 



li 



= 32 /lA 



peak-to-peak value of the idle output. For a 16K-bit sys- 
tem using the circuit in Figure 14 
0.1 /LtF 20 mV 
62.5 fjis 

The voltage on Cs which produces a 32 fiA current is 
determined by the value of Rx- 

liRx = Vsmin; for 32 fiA, Vsmin = 41.6 mV 
In Figure 14 Rs is 18 kft. That selection is discussed 
with the syllabic filter considerations. The voltage 
divider of Rs and Rpnin rnust produce an output of 
41.6 mV. 



vcci 



JRs_ 



= Vsmin Rmin=-2.4Ma 



' Rs + Rmin 

Having established these three parameters — clock 
rate, loop gain and minimum step size — the encoder 
circuit in Figure 14 will function at near optimum per- 
formance for input levels around dBm. 



INCREASING CVSD PERFORMANCE 



Integration Filter Design 

The circuit in Figure 14 uses a single-pole Integration 
network formed with a 0.1 /iF capacitor and a 10 kO 
resistor. It is possible to improve the performance of 
the circuit in Figure 14 by 1 or 2 dB by using a two-pole 
integration network. The improved circuit is shown. 

The first pole is still placed below 300 Hz to provide 
the 1/S voice content curve and a second pole is placed 
somewhere above the 1 kHz frequency. For telephony 
circuits, the second pole can be placed above 1.8 kHz 
to exceed the 1633 touchtone frequency. In other com- 
munication systems, values as low as 1 kHz may be 
selected. In general, the lower in frequency the second 
pole is placed, the greaterthe noise improvement. Then, 
to ensure the encoder loop stability, a zero is added to 
keep the phase shift less than 180°. This zero should be 
placed slightly above the low-pass output filter break 
frequency so as not to reduce the effectiveness of the 
second pole. A network of 235 Hz, 2 kHz and 5.2 kHz is 
typical for telephone applications while 160 Hz, 1.2 kHz 
and 2.8 kHz might be used in voice only channels. (Voice 
only channels can use an output low-pass filter which 
breaks at about 2.5 kHz.) The two-pole network in Figure 
16 has a transfer function of: 



FIGURE 16 — IMPROVED FILTER CONFIGURATION 
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These component values are for the telephone channel circuit poles 
described in the text. The R2, C2 product can be provided with different 
values of R and C. R2 should be chosen to be equal to the termination 
resistor on Pin 1. 

Thus the two poles and the zero can be selected arbi- 
trarily as long as the zero is at a higher frequency than 
the first pole. The values in Figure 16 represent one 
Implementation of the telephony filter requirement. 

The selection of the two-pole filter network affects the 
selection of the loop gain value and the minimum step 
size resistor. The required integrator current for a given 
change in voltage now becomes: 

Vo /R2C2 R1C1 ^ \ AVo 
' Ro V Ro Rq 7 AT 

RlCiR2C2 \ AVo2 

Ro /"at^" 



R2C2C1 
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INCREASING CVSD PERFORMANCE (continued) 



The calculation of desired gain resistor Rx then pro- 
ceeds exactly as previously described. 

Syllabic Filter Design 

The syllabic filter in Figure 14 is a simple single-pole 
network of 18 kft and 0.33 fiF. This produces a 6.0 ms 
time constant for the averaging of the coincidence out- 
put signal. The voltage across the capacitor determines 
the integrator current which in turn establishes the step 
size. The integrator current and the resulting step size 
determine the companding ratio and the S/N perfor- 
mance. The companding ratio is defined as the voltage 
across CsA/cc- 

The S/N performance may be improved by modifying 
the voltage to current transformation produced by Rx. 
If different portions of the total Rx are shunted by 
diodes, the integrator current can be other than (Vcc 
- Vs)/Rx- These breakpoint curves must be designed 
experimentally for the particular system application. In 
general, one would wish that the current would double 
with input level. To design the desired curve, supply 
current to Pin 4 of the codec from an external source. 
Input a signal level and adjust the current until the S/N 
performance is optimum. Then record the syllabic filter 
voltage and the current. Repeat this for all desired signal 
levels. Then derive the resistor diode network which 
produces that curve on a curve tracer. 

Once the network is designed with the curve tracer, 
it Is then inserted in place of Rx in the circuit and the 



forced optimum noise performance will be achieved 
from the active syllabic algorithm. 

Diode breakpoint networks may be very simple or 
moderately complex and can improve the usable dy- 
namic range of any codec. In the past they have been 
used in high performance telephone codecs. 

Typical resistor-diode networks are shown in Fig- 
ure 17. 

FIGURE 17 — RESISTOR-DIODE NETWORKS 
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Output Low Pass Filter 

A low pass filter is required at the receiving circuit 
output to eliminate quantizing noise. In general, the 
lower the bit rate, the better the filter must be. The filter 
in Figure 18 provides excellent performance for 12 kHz 
to 40 kHz systems. 



FIGURE 18 — HIGH PERFORMANCE ELLIPTIC FILTER FOR CVSD OUTPUT 
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FIGURE 19 — FULL DUPLEX/16K BIT CVSD VOICE CODEC USING MC34115 AND MC3503/6 OP AMP 
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CI - 
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6 dB/Octave Rolloff below 50 Hz 


R2 — 72 kO 


C2- 


- 837 pF 




R3 — 72 ka 


C3- 


- 536 pF 


Output Filter Specifications 


R4 — 63.46 kn 


C4- 


- 1000 pF 


Break Frequency — 3.3 kHz 


R5— 127ka 


C5- 


- 222 pF 


Stop Band — 9 kHz 


R6 — 365.5 kn 


C6- 


-77pF 


Stop Band Atten. — 50 dB 


R7 — 1.645 Mn 


C7- 


-38pF 


Rolloff— >40 dB/Octave 


R8 — 72 kn 


C8- 


- 837 pF 




R9 — 72 ka 
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- 536 pF 




RIO — 29.5 kn 








R11 — 72kn 
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Specifications and Applications 
Information 



VOICE SWITCHED SPEAKERPHONE CIRCUIT 

The MC34118 Voice Switched Speakerphone Circuit incorpo- 
rates the necessary amplifiers, attenuators, level detectors, and 
control algorithm to form the heart of a high quality hands-free 
speakerphone system. Included are a microphone amplifier with 
adjustable gain and iVIUTE control. Transmit and Receive atten- 
uators which operate in a complementary manner, level detectors 
at both input and output of both attenuators, and background 
noise monitors for both the transmit and receive channels. A Dial 
Tone Detector prevents the dial tone from being attenuated by 
the Receive background noise monitor circuit. Also included are 
two line driver amplifiers which can be used to form a hybrid 
network in conjunction with an external coupling transformer. A 
high-pass filter can be used to filter out 60 Hz noise in the receive 
channel, or for other filtering functions. A Chip Disable pin permits 
powering down the entire circuit to conserve power on long loops 
where loop current is at a minimum. 

The MC34118 may be operated from a power supply, or it can 
be powered from the telephone line, requiring typically 5.0 mA. 
The MC341 18 can be interfaced directly to Tip and Ring (through 
a coupling transformer) for stand-alone operation, or it can be 
used in conjunction with a handset speech network and/or other 
features of a featurephone. 

• Improved Attenuator Gain Range: 52 dB Between Transmit 
and Receive 

• Low Voltage Operation for Line-Powered Applications 
(3.0-6.5 V) 

• 4-Point Signal Sensing for Improved Sensitivity 

• Background Noise Monitors for Both Transmit and Receive 
Paths 

• Microphone Amplifier Gain Set by External Resistors — Mute 
Function Included 

• Chip Disable for Active/Standby Operation 

• On Board Filter Pinned-Out for User Defined Function 

• Dial Tone Detector to Inhibit Receive Idle Mode During Dial 
Tone Presence 

• Standard 28-Pin Plastic DIP Package and SOIC Package 
Available 

• Compatible with MC34119 Speaker Amplifier 



SIMPLIFIED BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Value 


Units 


Supply Voltage (Pin 4) 


-1.0, +7.0 


Vdc 


Voltage at CD (Pin 3), MUT (Pin 12) 


-1.0, Vcc + 1.0 


Vdc 


Voltage at VLC (Pin 13) 


-1.0,Vcc + 0.5 


Vdc 


Voltage at TXI (Pin 9), RXI (Pin 21), Fl (Pin 2) 


-0.5, Vcc + 0.5 


Vdc 


Storage Temperature Range 


-65 to +150 


°C 



Devices should not be operated at or outside these values. The "Recommended Operating Limits" provide for actual device 
operation. 



RECOMMENDED OPERATING LIMITS 



Parameter 


Min 


Typ 


Max 


Units 


Supply Voltage (Pin 4) (See Text) 


3.5 


— 


6.5 


Vdc 


CD Input (Pin 3), MUT Input (Pin 12) 





— 


Vcc 


Vdc 


IVB Current (Pin 15) 


— 


— 


500 


mA 


VLC (Pin 13) 


0.3 X Vb 


— 


Vb 


Vdc 


Attenuator Input Signal Voltage (Pins 9, 21) 





— 


350 


mVrms 


Microphone Amplifier, Hybrid Amplifier Gain 





— 


40 


dB 


Load Current @ RXO, TXO (Pins 8, 22) 
@ MCO (Pin 10) 
@HTO-,HTO+ (Pins 6, 5) 







- 


±2.0 
±1.0 
±5.0 


mA 


Ambient Operating Temperature Range 


-20 


— 


+ 60 


°C 



ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vcc = 5.0 V, CD ^ 0.8 V, unless noted) 



Parameter 



Symbol 



Min 



Typ 



Max 



Units 



POWER SUPPLY 



Vcc Supply Current (Vcc = 6.5 V, CD = 0.8 V) 
(Vcc = 6.5 V, CD = 2.0 V) 


Ice 


— 


5.5 
600 


8.0 
800 


mA 


CD Input Resistance (Vcc = VcD = 6.5 V) 
CD Input Voltage — High 
— Low 


RCD 
VCDH 
VCDL 


50 
2.0 



90 


Vcc 

0.8 


ka 

Vdc 
Vdc 


Vb Output Voltage (Vcc = 3.5 V) 
(Vcc = 5.0 V) 


Vb 


1.8 


1.3 
2.1 


2.4 


Vdc 


Vb Output Resistance (IvB = 10 mA) 


ROVB 


— 


400 


— 


n 


Vb Power Supply Rejection Ratio (CvB = 220 /nF, f = 1.0 kHz) 


PSRR 


— 


54 


— 


dB 



ATTENUATORS (Ta = +25°C) 



Receive Attenuator Gain (f = 1.0 kHz, Vlc = Vb) 
Rx Mode, RXI = 150 mVrms (Vcc = 5.0 V) 
Rx Mode, RXI = 150 mVrms (Vcc = 3.5 V) 
Gain Change - Vcc = 3.5 V versus Vcc = 5.0 V 
AGC Gain Change - Vcc = 2.8 V versus Vcc = 5.0 V* 
Idle Mode, RXI = 150 mVrms 
Range (Rx to Tx Mode) 


Grx 
Grx 

AGrxi 
AGRX2 

Grxi 

AGRX3 


+ 4.0 
+ 4.0 
-0.5 

-22 

49 


+ 6.0 
+ 6.0 


-25 
-20 

52 


+ 8.0 
+ 8.0 
+ 0.5 
-15 
-17 
54 


dB 


Volume Control Range (Rx Mode, 0.3 Vb < Vlc < Vb) 


VcR 


27 


35 


— 


dB 


RXO DC Voltage (Rx Mode) 


vrxo 


— 


Vb 


— 


Vdc 


ARXO DC Voltage (Rx to Tx Mode) 


AVrxo 


— 


±10 


±150 


mV 


RXO High Voltage (lout = -1.0 mA RXI = Vb + 1.5 V) 


Vrxoh 


3.7 


— 


— 


Vdc 


RXO Low Voltage (lout = +1.0 mA, RXI = Vb - 1.0, 
Output measured with respect to Vb)* 


Vrxol 


— 


-1.5 


-1.0 


Vdc 


RXI Input Resistance (RXI < 350 mVrms) 


Rrxi 


7.0 


10 


14 


ka 



(continued) 
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ELECTRICAL CHARACTERISTICS (Ta = +25°C, Vgc = 5.0 V, CD ^ 0.8 V, unless noted) 





Parameter 


Symbol 


Min 


Typ 


Max 


Units 




ATTENUATORS — continued (Ta = + 25°C) 














Transmit Attenuator Gain (f = 1.0 kHz) 
TxMode, TXI = 150 mVrms 
Idle Mode, TXI = 150 mVrms 
Range (Tx to Rx Mode) 


Gtx 
Gtxi 
agtxi 


+ 4.0 
-22 
49 


+ 6.0 
-20 
52 


+ 8.0 
-17 
54 


dB 






TXO DC Voltage (Tx Mode) 


Vtxo 


— 


Vb 


— 


Vdc 






ATXO DC Voltage (Tx to Rx Mode) 


avtxo 


— 


±30 


±150 


mV 






TXO High Voltage (lout = -1-0 mA TXI = Vq + 1.5 V) 


Vtxoh 


3.7 


— 


— 


Vdc 






TXO Low Voltage (lout = +1-0 mA, TXI = Vb - 1.0 V, 
Output measured with respect to Vg)* 


Vtxol 


— 


-1.5 


-1.0 


Vdc 






TXI Input Resistance (TXI < 350 mVrms) 


Rtxi 


7.0 


10 


14 


kn 






Gain Tracking (Grx + GjX' @ Tx, Idle, Rx)* 


Gtr 


— 


±0.1 


— 


dB 






*See text for explanation. 

ATTENUATOR CONTROL (Ta = +25°C) 
















Cj Voltage (Pin 14 - Vb) 
Rx Mode (Vlc = Vb) 
Idle Mode 
Tx Mode 


VCT 


- 


+ 240 


-240 


- 


mV 






Cj Source Current (switching to Rx mode) 


'CTR 


-85 


-60 


-40 


M 






Cj Sink Current (switching to Tx mode) 


'CTT 


+ 40 


+ 60 


+ 85 


mA 






Cj Slow Idle Current 


'CTS 


— 





— 


M 






Cj Fast Idle Internal Resistance 


Rfi 


1.5 


2.0 


3.6 


kn 






Vlc '"put Current 


'VLC 


— 


-60 


— 


nA 






Dial Tone Detector Threshold 


Vdt 


10 


15 


20 


mV 






MICROPHONE AMPLIFIER (Ta = +25°C, VmuT ^ 0.8 V, AvcL = 31 dB unl 


3SS Otherwise noted) 












Ouptut Offset (VmcO " Vb, Feedback R = 180 kH) 


MCOvoS 


-50 





+ 50 


mVdc 






Open Loop Gain (f < 100 Hz) 


AVOLM 


70 


80 


— 


dB 






Gain Bandwidth 


GBWm 


— 


1.0 


— 


MHz 






Output High Voltage (lout = -1.0 mA, Vqc = 5.0 V) 


Vmcoh 


3.7 


— 


— 


Vdc 






Output Low Voltage (lout = +1.0 mA) 


vmcol 


— 


— 


200 


mVdc 






Input Bias Current (@ MCI) 


Ibm 


— 


-40 


— 


nA 






Muting (AGain) (f = 1.0 kHz, Vmut = 2.0 V) 
(300 Hz < f < 10 kHz) 


GMT 


-55 


-68 


— 


dB 






MUT Input Resistance (Vqc = Vmut = 6.5 V) 


Rmut 


50 


90 


— 


kn 






MUT Input — High 


Vmuth 


2.0 


— 


vcc 


Vdc 






MUT Input — Low 


Vmutl 





— 


0.8 


Vdc 






Distortion (300 Hz < f < 10 kHz) 


THDm 


— 


0.15 


— 


% 






HYBRID AMPLIFIERS (Ta = +25°C) 
















HTO- Offset (VhtO- " Vb, Feedback R = 51 kO) 


HvoS 


-20 





+ 20 


mVdc 






HTO- to HTO+ Offset (Feedback R = 51 kO) 


HBVOS 


-30 





+ 30 


mVdc 






Open Loop Gain (HTI to HTO-, f < 100 Hz) 


AVOLH 


60 


80 


— 


dB 






Gain Bandwidth 


GBWh 


— 


1.0 


— 


MHz 






Closed Loop Gain (HTO- to HTO + ) 


AVCLH 


-0.35 





+ 0.35 


dB 






Input Bias Current (@HTI) 


Ibh 


— 


-30 


— 


nA 






HTO- High Voltage (lout = "5.0 mA) 


vht-h 


3.7 


— 


— 


Vdc 






HTO- Low Voltage (lout = +5.0 mA) 


Vht-l 


— 


— 


250 


mVdc 






HTO+ High Voltage (lout = -5.0 mA) 


Vht+h 


3.7 


— 


— 


Vdc 






HTO+ Low Voltage (lout = +5.0 mA) 


vht.l 


— 


— 


450 


mVdc 






Distortion (300 Hz < f < 10 kHz, See Figure 1) 


THDh 


— 


0.3 


— 


% 
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Parameter 



Symbol 



Min 



Typ 



Max 



Units 



LEVEL DETECTORS AND BACKGROUND NOISE MONITORS (Ta = +25X) 



Transmit-Receive Switching Threshold 
(Ratio of Current at RLI1 + RLI2 to 20 /xA 
at TLI1 + TLI2 to switch from Tx to Rx) 


'TH 


0.8 


1.0 


1.2 




Source Current at RL01, RL02, TL01, TL02 


ILSO 


— 


-2.0 


— 


mA 


Sink Current at RL01, RL02, TL01, TL02 


'lsk 


— 


4.0 


— 


M 


CPR, CPT Output Resistance (lout = l-S mA) 


Rcp 


— 


35 


— 


a 


CPR, CPT Leakage Current 


ICPLK 


— 


-0.2 


— 


f,A 



FILTER (Ta = +25°C) 



Voltage Offset at FO (Vpo - Vb, 220 kfi from Vb to Fl) 


FOvOS 


-200 


-90 





mV 


FO Sink Current 


'FO 


150 


260 


400 


IxA 


Fl Bias Current 


'Fl 


— 


-50 


— 


nA 



SYSTEM DISTORTION (Ta = +25°C, f = 1.0 kHz) 












Rx Mode (From Fl to RXO, FO connected to RX!) 


THDr 


— 


0.5 


3.0 


% 


Tx Mode (From MCI to HTO-/HTO + , includes Tx attenuator) 


THDt 


— 


0.8 


3.0 


% 



1. All currents into a device pin are positive, those out of a pin are negative. Algebraic convention rather than magnitude is used to define limits. 



FIGURE 1 — HYBRID AMPLIFIER DISTORTION TEST 
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TEMPERATURE CHARACTERISTICS 



Parameter 


Typical Value 

@ 25X 


Typical Change 
-20 to +60°C 


Vcc Supply Current (CD = 0.8 V) 


5.0 mA 


-0.3%/°C 


Vcc Supply Current (CD = 2.0 V) 


400 M 


-0.4%/°C 


Vb Output Voltage (Vqc = 5.0 V) 


2.1V 


+ 0.8%/°C 


Attenuator Gain (Max Gain) 


+ 6.0 dB 


0.0008 dB/°C 


Attenuator Gain (Max Attenuation) 


-46 dB 


0.004 dB/°C 


Attenuator Input Resistance (@ TXI, RXI) 


10 kH 


+ 0.6%/°C 


Dial Tone Detector Threshold 


15 mV 


+ 20iMV/°C 


CT Source, Sink Current 


±60/nA 


-0.15 %/°C 


Microphone, Hybrid Amplifier Offset 


OmV 


±4.0/aV/°C 


Transmit-Receive Switching Threshold 


1.0 


±0.02 %/°C 


Sink Current at RL01 , RL02, TL01 , TL02 


4.0 M 


-10nA/°C 


Closed Loop Gain (HTO- to HT0 + ) 


dB 


0.001 %/°C 
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PIN DESCRIPTION 



Pin 


Name 


Description 


1 


FO 


Filter output. Output impedance is less 
than 50 ohms. 


2 


Fl 


Filter input. Input impedance is greater 
than 1.0 Mohm. 


3 


CD 


Chip Disable. A logic low (<0.8 V) sets 
normal operation. A logic high (>2.0 V) 
disables the IC to conserve power. Input 
impedance is nominally 90 kll. 


4 


vcc 


A supply voltage of +2.8 to +6.5 volts 
is required, at ~ 5.0 mA. As Vqc ^a"s 
from 3.5 to 2.8 volts, an AGC circuit 
reduces the receive attenuator gain by 
~ 25 dB (when in the receive mode). 


5 


HTO + 


Output of the second hybrid amplifier. 
The gain is internally set at - 1 .0 to 
provide a differential output, in 
conjunction with HTO-, to the hybrid 
transformer. 


6 


HTO- 


Output of the first hybrid amplifier. The 
gain of the amp is set by external 
resistors. 


7 


HTI 


Input and summing node for the first 
hybrid amplifier. DC level is ==Vb. 


8 


TXO 


Output of the transmit attenuator. DC 
level is approximately Vb- 


9 


TXI 


Input to the transmit attenuator. Max. 
signal level is 350 mVrms. Input 
impedance is =10 kO. 


10 


MCO 


Output of the microphone amplifier. The 
gain of the amplifier is set by external 
resistors. 


11 


MCI 


Input and summing node of the 
microphone amplifier. DC level is ~ Vb- 


12 


MUT 


Mute input. A logic low (<0.8 V) sets 
normal operation. A logic high {>2.0 V) 
mutes the microphone amplifier without 
affecting the rest of the circuit. Input 
impedance is nominally 90 kft. 



Pin 


Name 


Description 


13 


VLC 


Volume control input. When VLC = Vb, 
the receive attenuator is at maximum 
gain when in the receive mode. When 
VLC = 0.3 Vb, the receive gain is down 
35 dB. Does not affect the transmit mode. 


14 


Ct 


An RC at this pin sets the response time 
for the circuit to switch modes. 


15 


Vb 


An output voltage =«Vcc/2. This voltage 
is a system ac ground, and biases the 
volume control. A filter cap is required. 


16 


CRT 


An RC at this pin sets the time constant 
for the transmit background monitor. 


17 


TLI2 


Input to the transmit level detector on 
the mike/speaker side. 


18 


TL02 


Output of the transmit level detector on 
the mike/speaker side, and input to the 
transmit background monitor. 


19 


RL02 


Output of the receive level detector on 
the mike/speaker side. 


20 


RLI2 


Input to the receive level detector on the 
mike/speaker side. 


21 


RXI 


Input to the receive attenuator and dial 
tone detector. Max input level is 350 mV 
RMS. Input impedance is «10 kH. 


22 


RXO 


Output of the receive attenuator. DC 
level is approximately Vb- 


23 


TLI1 


Input to the transmit level detector on 
the line side. 


24 


TL01 


Output of the transmit level detector on 
the line side. 


25 


RL01 


Output of the receive level detector on 
the line side, and input to the receive 
background monitor. 


26 


RLI1 


Input to the receive level detector on the 
line side. 


27 


CPR 


An RC at this pin sets the time constant 
for the receive background monitor. 


28 


GND 


Ground pin for the entire IC. 



Note: Pin numbers are identical for the DIP package and the SOIC package. 
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FIGURE 2 — MC34118 BLOCK DIAGRAM 
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FUNCTIONAL DESCRIPTION 



INTRODUCTION 

The fundamental difference between the operation of 
a speakerphone and a handset Is that of half-duplex 
versus full-duplex. The handset is full duplex since con- 
versation can occur in both directions (transnnit and 
receive) simultaneously. A speakerphone has higher 
gain levels in both paths, and attempting to converse 
full duplex results in oscillatory problems due to the 
loop that exists within the system. The loop is formed 
by the receive and transmit paths, the hybrid, and the 
acoustic coupling (speaker to microphone). The only 
practical and economical solution used to date is to 
design the speakerphone to function in a half duplex 
mode — i.e., only one person speaks at a time, while 
the other listens. To achieve this requires a circuit which 
can detect who is talking, switch on the appropriate path 
(transmit or receive), and switch off (attenuate) the other 
path. In this way, the loop gain is maintained less than 
unity. When the talkers exchange function, the circuit 
must quickly detect this, and switch the circuit appro- 
priately. By providing speech level detectors, the circuit 
operates in a "hands-free" mode, eliminating the need 
for a "push-to-talk" switch. 

The handset, by the way, has the same loop as the 
speakerphone. But since the gains are considerably 
lower, and since the acoustic coupling from the earpiece 
to the mouthpiece is almost non-existent (the receiver 
is normally held against a person's ear), oscillations 
don't occur. 

The MC341 18 provides the necessary level detectors, 
attenuators, and switching control for a properly oper- 
ating speakerphone. The detection sensitivity and tim- 
ing are externally controllable. Additionally, the 
MC34118 provides background noise monitors which 
make the circuit Insensitive to room and line noise, 
hybrid amplifiers for interfacing to Tip and Ring, the 
microphone amplifier, and other associated functions. 
Please refer to the Block Diagram (Figure 2) when read- 
ing the following sections. 

ATTENUATORS 

The transmit and receive attenuators are comple- 
mentary in function, i.e., when one is at maximum gain 
( + 6.0 dB), the other is at maximum attenuation (-46 
dB), and vice versa. They are never both fully on or both 
fully off. The sum of their gains remains constant (within 
a nominal error band of ±0.1 dB) at a typical value of 
-40 dB (see Figure 10). Their purpose is to control the 
transmit and receive paths to provide the half-duplex 
operation required in a speakerphone. 

The attenuators are non-inverting, and have a -3.0 
dB (from max gain) frequency of -100 kHz. The Input 
impedance of each attenuator (TXI and RXI) is nominally 
10 kd (see Figure 3), and the input signal should be 
limited to 350 mVrms (990 mVp-p) to prevent distortion. 
That maximum recommended input signal is indepen- 
dent of the volume control setting. The diode clamp on 



the inputs limits the input swing, and therefore the max- 
imum negative output swing. This is the reason for 
VrxOL 3nd VtxOL specification being defined as they 
are in the Electrical Characteristics. The output imped- 
ance is <10 n until the output current limit (typically 
2.5 mA) is reached. 



FIGURE 3 — ATTENUATOR INPUT STAGE 

-OVb 

I To Attenuator 




Input 



The attenuators are controlled by the single output of 
the Control Block, which is measurable at the Cj pin 
(Pin 14). When the Cy pin is at +240 millivolts with 
respect to Vg, the circuit is in the receive mode (receive 
attenuator is at +6.0 dB). When the Cj pin is at -240 
millivolts with respect to Vb, the circuit is in the transmit 
mode (transmit attenuator Is at +6.0 dB). The circuit is 
in an idle mode when the Cj voltage is equal to Vb, 
causing the attenuators' gains to be halfway between 
their fully on and fully off positions ( - 20 dB each). Mon- 
itoring the Cj voltage (with respect to Vb) is the most 
direct method of monitoring the circuit's mode. 

The inputs to the Control Block are seven: 2 from the 
comparators operated by the level detectors, 2 from the 
background noise monitors, the volume control, the 
dial-tone detector, and the AGC circuit. These seven 
inputs are described below. 

LEVEL DETECTORS 

There are four level detectors — two on the receive 
side and two on the transmit side. Refer to Figure 4 — 
the terms in parentheses form one system, and the 
other terms form the second system. Each level detector 
is a high gain amplifier with back-to-back diodes in the 
feedback path, resulting in non-linear gain, which per- 
mits operation over a wide dynamic range of speech 
levels. Refer to the graphs of Figures 11,12 and 13 for 
their dc and ac transfer characteristics. The sensitivity 
of each level detector is determined by the external 
resistor and capacitor at each input (TLI1, TLI2, RLI1, 
and RLI2). Each output charges an external capacitor 
through a diode and limiting resistor, thus providing a 
dc representation of the input ac signal level. The out- 
puts have a quick rise time (determined by the capacitor 
and an internal 350 Cl resistor), and a slow decay time 
set by an internal current source and the capacitor. The 
capacitors on the four outputs should have the same 
value (±10%) to prevent timing problems. 

Referring to Figure 2, on the receive side, one level 
detector (RLI1) is at the receive input receiving the same 
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FIGURE 4 — LEVEL DETECTORS 
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signal as at Tip and Ring, and the other (RLI2) is at the 
output of the speaker amplifier. On the transmit side, 
one level detector (TLI2) is at the output of the micro- 
phone amplifier, while the other (TLI1) is at the hybrid 
output. Outputs RL01 and TL01 feed a comparator, the 
output of which goes to the Attenuator Control Block. 
Likewise, outputs RL02 and TL02 feed a second com- 
parator which also goes to the Attenuator Control Block. 
The truth table for the effects of the level detectors on 
the Control Block is given in the section describing the 
Control Block. 

BACKGROUND NOISE MONITORS 

The purpose of the background noise monitors is to 
distinguish speech (which consists of bursts) from back- 
ground noise (a relatively constant signal level). There 
are two background noise monitors — one for the 
receive path and one for the transmit path. Referring to 
Figure 4, the receive background noise monitor is oper- 
ated on by the RLI1-RL01 level detector, while the trans- 
mit background noise monitor is operated on by the 
TLI2-TL02 level detector. They monitor the background 
noise by storing a dc voltage representative of the 
respective noise levels in capacitors at CPR and CPT. 
The voltages at these pins have slow rise times (deter- 
mined by the external RC), but fast decay times. If the 
signal at RLI1 (or TLI2) changes slowly, the voltage at 
CPR (or CPT) will remain more positive than the voltage 
at the non-inverting input of the monitor's output com- 
parator. When speech is present, the voltage on the non- 
inverting input of the comparator will rise quicker than 
the voltage at the inverting input (due to the burst char- 
acteristic of speech), causing its output to change. This 
output is sensed by the Attenuator Control Block. 

The 36 mV offset at the comparator's input keeps the 
comparator from changing state unless the speech level 



exceeds the background noise by —4.0 dB. The time 
constant of the external RC (—4.7 seconds) determines 
the response time to background noise variations. 

VOLUME CONTROL 

The volume control input at VLC (Pin 13) is sensed as 
a voltage with respect to Vg. The volume control affects 
the attenuators on// in the receive mode. It has no effect 
in the idle or transmit modes. 

When in the receive mode, the gain of the receive 
attenuator will be + 6.0 dB, and the gain of the transmit 
attenuator will be -46 dB only when VLC is equal to 
Vg. As VLC is reduced below Vg, the gain of the receive 
attenuator is reduced (see Figure 14), and the gain of 
the transmit attenuator is increased such that their sum 
remains constant. Changing the voltage at VLC changes 
the voltage at Cj (see the Attenuator Control Block sec- 
tion), which in turn controls the attenuators. 

The volume control setting does not affect the max- 
imum attenuator input signal at which noticeable dis- 
tortion occurs. 

The bias current at VLC is typically 60 nA out of the 
pin, and does not vary significantly with the VLC voltage 
or with Vcc- 

DIAL TONE DETECTOR 

The dial tone detector is a comparator with one side 
connected to the receive input (RXI) and the other input 
connected to Vg with a 15 mV offset (see Figure 5). If 
the circuit is in the receive mode, and the incoming 
signal is greater than 15 mV (10 mVrms), the compar- 
ator's output will change, disabling the receive idle 
mode. The receive attenuator will then be at a setting 
determined solely by the volume control. 

The purpose of this circuit is to prevent the dial tone 
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(which would be considered as continuous noise) from 
fading away as the circuit would have the tendency to 
switch to the idle mode. By disabling the receive Idle 
mode, the dial tone remains at the normally expected 
full level. 

FIGURE 5 — DIAL TONE DETECTOR 



RXI 

>-D- 



^To Rx 
Attenuator 



-=-15 mV ' 



To 

Attenuator 
Control 
Block 



Vb 



AGO 

The AGO circuit affects the circuit only in the receive 
mode, and only when the supply voltage (Vqc) is less 
than 3.5 volts. As Vqc fa"s below 3.5 volts, the gain of 
the receive attenuator Is reduced according to the graph 
of Figure 15. The transmit path attenuation changes 
such that the sum of the transmit and receive gains 
remains constant. 

The purpose of this feature is to reduce the power 
(and current) used by the speaker when a line-powered 
speakerphone is connected to a long line, where the 
available power Is limited. By reducing the speaker 
power, the voltage sag at Vqc 's controlled, preventing 
possible erratic operation. 

ATTENUATOR CONTROL BLOCK 

The Attenuator Control Block has the seven Inputs 
described above: 

— The output of the comparator operated by RL02 and 
TL02 (microphone/speaker side) — designated CI. 

— The output of the comparator operated by RL01 and 
TL01 (Tip/Ring side) — designated C2. 

— The output of the transmit background noise mon- 
itor — designated C3. 

— The output of the receive background noise monitor 
— designated C4. 

— The volume control. 

— The dial tone detector. 

— The AGC circuit. 

The single output of the Control Block controls the two 
attenuators. The effect of C1-C4 Is as follows: 
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X = Don't Care; y = C3 and C4 are not both 0. 



A definition of the above terms: 

1) "Transmit" means the transmit attenuator is fully on ( + 6.0 dB), 
and the receive attenuator is at max. attenuation (-46 dB). 

2) "Receive" means both attenuators are controlled by the volume 
control. At max. volume, the receive attenuator is fully on ( + 6.0 
dB), and the transmit attenuator is at max. attenuation (-46 dB). 

3) "Fast Idle" means both transmit and receive speech are present 
in approximately equal levels. The attenuators are quickly 
switched (30 ms) to idle until one speech level dominates the other. 

4) "Slow Idle" means speech has ceased in both transmit and receive 
paths. The attenuators are then slowly switched (1 second) to the 
idle mode. 

5) Switching to the full tl-ansmit or receive modes from any other 
mode is at the fast rate (=30 ms). 

A summary of the truth table Is as follows: 

1) The circuit will switch to transmit If: a) both trans- 
mit level detectors sense higher signal levels relative to 
the respective receive level detectors (TLI1 versus RLI1, 
TLI2 versus RLI2), and b) the transmit background noise 
monitor Indicates the presence of speech. 

2) The circuit will switch to receive if: a) both receive 
level detectors sense higher signal levels relative to the 
respective transmit level detectors, and b) the receive 
background noise monitor indicates the presence of 
speech. 

3) The circuit will switch to the fast Idle mode If the 
level detectors disagree on the relative strengths of the 
signal levels, and at least one of the background noise 
monitors indicates speech. For example, referring to the 
Block Diagram (Figure 2), if there Is sufficient signal at 
the microphone amp output (TLI2) to override the 
speaker signal (RLI2), and there is sufficient signal at 
the receive input (RLI1) to override the signal at the 
hybrid output (TLI1), and either or both background 
monitors Indicate speech, then the circuit will be in the 
fast idle mode. Two conditions which can cause the fast 
idle mode to occur are a) when both talkers are attempt- 
ing to gain control of the system by talking at the same 
time, and b) when one talker Is In a very noisy environ- 
ment, forcing the other talker to continually override 
that noise level. In general, the fast Idle mode will occur 
Infrequently. 

4) The circuit will switch to the slow Idle mode when 
a) both talkers are quiet (no speech present), or b) when 
one talker's speech level Is continuously overriden by 
noise at the other speaker's location. 

The time required to switch the circuit between trans- 
mit, receive, fast idle and slow idle is determined in part 
by the components at the Cj pin (Pin 14). (See the sec- 
tion on Switching Times for a more complete expla- 
nation of the switching time components.) A schematic 
of the Cj circuitry Is shown in Figure 6, and operates 
as follows: 

— Rj is typically 120 kfl, and Cj Is typically 5.0 /aF. 

— To switch to the receive mode, li is turned on (I2 is 
off), charging the external capacitor to +240 mV 
above Vg. (An internal clamp prevents further charg- 
ing of the capacitor.) 

— To switch to the transmit mode, I2 Is turned on di 
is off) bringing down the voltage on the capacitor to 
- 240 mV with respect to Vg. 
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— To switch to idle quicl<ly (fast idle), the current 
sources are turned off, and the internal 2.0 kO resis- 
tor is switched in, discharging the capacitor to Vg 
with a time constant = 2.0 k x Cj. 

— ^ To switch to idle slowly (slow idle), the current 
sources are turned off, the switch at the 2.0 kH resis- 
tor is open, and the capacitor discharges to Vg 
through the external resistor Rj with a time constant 
= Rj X Cj. 

FIGURE 6 — CT ATTENUATOR CONTROL BLOCK CIRCUIT 
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MICROPHONE AMPLIFIER 

The microphone amplifier (Pins 10, 11) has the non- 
inverting input internally connected to Vg, while the 
inverting input and the output are pinned out. Unlike 
most op-amps, the amplifier has an all-NPN output 
stage, which maximizes phase margin and gain- 
bandwidth. This feature ensures stability at gains less 
than unity, as well as with a wide range of reactive loads. 
The open loop gain is typically 80 dB (f <100 Hz), and 
the gain-bandwidth is typically 1 .0 MHz (See Figure 1 6). 
The maximum p-p output swing is typically 1 .0 volt less 
than Vcc with an output impedance of <10 ft until cur- 
rent limiting is reached (typically 1.5 mA). Input bias 
current at MCI is typically 40 nA out of the pin. 



volts, and the voltage at this pin must be kept within 
the range of ground and Vcc (see Figure 17). If the mute 
function is not used, the pin should be grounded. 

HYBRID AMPLIFIERS 

The two hybrid amplifiers (at HTO + , HTO - , and HTI), 
in conjunction with an external transformer, provide the 
two-to-four wire converter for interfacing to the tele- 
phone line. The gain of the first amplifier (HTI to HTO - ) 
is set by external resistors (gain = -R^f/RhI '" Figure 
2), and its output drives the second amplifier, the gain 
of which is internally set at - 1 .0. Unlike most op-amps, 
the amplifiers have an all-NPN output stage, which max- 
imizes phase margin and gain-bandwidth. This feature 
ensures stability at gains less than unity, as well as with 
a wide range of reactive loads. The open loop gain of 
the first amplifier is typically 80 dB, and the gain 
bandwidth of each amplifier is —1.0 MHz (see Figure 
16). The maximum p-p output swing of each amplifier 
is typically 1 .2 volts less than Vcc with an output imped- 
ance of <10 ft until current limiting is reached (typically 
8.0 mA). The output current capability is guaranteed to 
be a minimum of 5.0 mA. The bias current at HTI is 
typically 30 nA out of the pin. 

The connections to the coupling transformer are 
shown in the Block Diagram (Figure 2). The block 
labeled ZBal is the balancing network necessary to 
match the line impedance. 

FILTER 

The operation of the filter circuit is determined by the 
external components. The circuit within the MC34118, 
from pins Fl to FO is a buffer with a high input imped- 
ance (>1.0 Mft), and a low output impedance (<50 ft). 
The configuration of the external components deter- 
mines whether the circuit is a high-pass filter (as shown 
in Figure 2), a low-pass filter, or a band-pass filter. 

As a high pass filter, with the components shown in 
Figure 8, the filter will keep out 60 Hz (and 120 Hz) hum 
which can be picked up by the external telephone lines. 



FIGURE 7 — MICROPHONE AMPLIFIER AND MUTE 



From 



Mike 



Mute 




Rmf 

RM! 



The muting function (Pin 12), when activated, will 
reduce the gain of the amplifier to ~ - 39 dB (with RMI 
= 5.1 kft) by shorting the output to the inverting input 
(see Figure 7). The mute input has a threshold of -1.5 



FIGURE 8 — HIGH PASS FILTER 
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As a low pass filter (Figure 9), it can be used to roll off 
the high end frequencies in the receive circuit, which 
aids in protecting against acoustic feedback problems. 
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with an appropriate choice of an Input coupling capac- 
itor to the low pass filter, a band pass filter Is formed. 

FIGURE 9 — LOW PASS FILTER 
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POWER SUPPLY, Vb, AND CHIP DISABLE 

The power supply voltage at Vcc (P'n 4) Is to be 
between 3.5 and 6.5 volts for normal operation, with 
reduced operation possible down to 2.8 volts (see Fig- 
ure 15 and the AGC section). The power supply current 
Is shown In Figure 18 for both the power-up and power- 
down mode. 



The output voltage at Vb (Pin 15) Is -^(Vqc - 0-7)/2, 
and provides the ac ground for the system. The output 
impedance at Vb Is -400 Cl (see Figure 19), and in con- 
junction with the external capacitor at Vb, forms a low 
pass filter for power supply rejection. Figure 20 Indi- 
cates the amount of rejection with different capacitors. 
The choice of capacitor is application dependent based 
on whether the circuit Is powered by the telephone line 
or a power supply. 

Since Vb biases the microphone and hybrid ampli- 
fiers, the amount of supply rejection at their outputs is 
directly related to the rejection at Vb, as well as their 
respective gains. Figure 21 depicts this graphically. 

The Chip Disable (Pin 3) permits powering down the 
IC to conserve power and/or for muting purposes. With 
CD ^0.8 volts, normal operation is in effect. Wkh CD 
^2.0 volts and ^Vco the IC Is powered down. In the 
powered down mode, the microphone and the hybrid 
amplifiers are disabled, and their outputs go to a high 
impedance state. Additionally, the bias Is removed from 
the level detectors. The bias Is not removed from the 
filter (Pins 1, 2), the attenuators (Pins 8, 9, 21, 22), or 
from Pins 13, 14, and 15 (the attenuators are disabled, 
however, and will not pass a signal). The Input Imped- 
ance at CD Is typically 90 kft, has a threshold of -1.5 
volts, and the voltage at this pin must be kept within 
the range of ground and Vcc (see Figure 17). If CD is 
not used, the pin should be grounded. 



FIGURE 10 — ATTENUATOR GAIN versus Vct (PIN 14) 



FIGURE 11 — LEVEL DETECTOR DC TRANSFER 
CHARACTERISTICS 
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FIGURE 12 — LEVEL DETECTOR AC TRANSFER 
CHARACTERISTICS 




FIGURE 13 — LEVEL DETECTOR AC TRANSFER 
CHARACTERISTICS versus FREQUENCY 
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FIGURE 14 — RECEIVE ATTENUATOR versus VOLUME 
CONTROL 
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FIGURE 15 — RECEIVE ATTENUATION GAIN versus Vcc 
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FIGURE 16 — MICROPHONE AMPLIFIER AND 1ST HYBRID 



FIGURE 17 — INPUT CHARACTERISTICS @ CD, MUT 
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FIGURE 18 — SUPPLY CURRENT versus SUPPLY VOLTAGE 



FIGURE 19 — Vb output CHARACTERISTICS 
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FIGURE 20 — Vb POWER SUPPLY REJECTION versus 
FREQUENCY AND Vb CAPACITOR 
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FIGURE 21 — POWER SUPPLY REJECTION OF THE 
MICROPHONE AND HYBRID AMPLIFIERS 
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FIGURE 22 — TYPICAL OUTPUT SWING versus Vcc 
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DESIGN GUIDELINES 

SWITCHING TIME 

The switching time of the MC34118 circuit is domi- 
nated by the components at Cj (Pin 14, refer to Figure 
6), and secondarily by the capacitors at the level detec- 
tor outputs (RL01, RL02, TL01, TL02). 

The time to switch to receive or to transmit from idle 
is determined by the capacitor at Cj, together with the 
internal current sources (refer to Figure 6). The switch- 
ing time is: 



AT = 



AVxC 



I 



For the typical case where AV = 240 mV, I = 60 ixk, 
and Cj is 5.0 /xF, AT = 20 ms. If the circuit switches 
directly from receive to transmit (or vice-versa), the total 
switching time would be 40 ms. 

The switching time from either receive or transmit to 
idle depends on which type of idle mode is in effect. If 
the circuit is going to "fast idle," the time constant is 
determined by the Cj capacitor, and the internal 2.0 kll 
resistor (Figure 6). With Cj = 5.0 /nF, the time constant 
is -10 ms, giving a switching time to idle of -30 ms 
(for 95% change). Fast idle is an infrequent occurrence, 
however, occurring when both speakers are talking and 
competing for control of the circuit. The switching time 
from idle back to either transmit or receive is described 
above. 

If the circuit is switching to "slow idle," the time con- 
stant is determined by the Cj capacitor and Rj, the 
external resistor (see Figure 6). With Cj = 5.0 /iF, and 
Rj = 120 kd, the time constant is -600 ms, giving a 
switching time of -1.8 seconds (for 95% change). The 
switching period to slow idle begins when both speak- 
ers have stopped talking. The switching time back to 
the original mode will depend on how soon that speaker 
begins speaking again. The sooner the speaking starts 
during the 1.8 second period, the quicker the switching 
time since a smaller voltage excursion is required. That 
switching time is determined by the internal current 
sources as described above. 

The above switching times occur, however, after the 
level detectors have detected the appropriate signal lev- 
els, since their outputs operate the Attenuator Control 
Block. Referring to Figure 4, the rise time of the level 
detectors' outputs to new speech is quick by compari- 
son (-1.0 ms), determined by the internal 350 resistor 
and the external capacitor (typically 2.0 /itF). The out- 
put's decaytime is determined by the external capacitor, 
and an internal 4.0 ju-A current source giving a decay 
rate of ==^60 ms for a 120 mV excursion at RLO or TLO. 
However, the overall response time of the circuit is not 
a constant since it depends on the relative strength of 
the signals at the different level detectors, as well as 
the timing of the signals with respect to each other. The 
capacitors at the four outputs (RL01 , RL02, TL01 , TL02) 
must be equal value (±10%) to prevent problems in 
timing and level response. 



The rise time of the level detector's outputs is not 
significant since it is so short. The decay time, however, 
provides a significant part of the "hold time" necessary 
to hold the circuit during the normal pauses in speech. 

The components at the inputs of the level detectors 
(RLI1, RLI2, TLI1, TLI2) do not affect the switching time, 
but rather affect the relative signal levels required to 
switch the circuit, as well as the frequency response of 
the detectors. 

DESIGN EQUATIONS 

Referring to Figure 24 (the coupling capacitors have 
been omitted for simplicity), and the circuit of Figure 
23, the following definitions will be used (all measure- 
ments are at 1.0 kHz): 

— Gma 's the gain of the microphone amplifier mea- 
sured from the microphone output to TXI (typically 
35 VA/, or 31 dB); 

— Gjx is the gain of the transmit attenuator, measured 
from TXI to TXO; 

— Gha 's the gain of hybrid amplifiers, measured from 
TXO to the HTO-/HTO+ differential output (typi- 
cally 10.2 VA/, or 20.1 dB); 

— Ght 's the gain from HTO-/HTO+ to Tip/Ring for 
transmit signals, and includes the balance network 
(measured at 0.4 VA/, or -8.0 dB); 

— GsT is the sidetone gain, measured from HTO-/ 
HTO+ to the filter Input (measured at 0.18 VA/, or 
-15dB); 

— Ghr is the gain from Tip/Ring to the filter input for 
receive signals (measured at 0.833 V/V or - 1 .6 dB); 

— Gpo 's the gain of the filter stage, measured from 
the input of the filter to RXI, typically dB at 1 .0 kHz; 

— Grx is the gain of the receive attenuator measured 
from RXI to RXO; 

— GsA 's the gain of the speaker amplifier, measured 
from RXO to the differential output of the MC34119 
(typically 22 VA/ or 26.8 dB); 

— Gac 's the acoustic coupling, measured from the 
speaker differential voltage to the microphone out- 
put voltage. 

I) Transmit Gain 

The transmit gain, from the microphone output (V|\/|) 
to Tip and Ring, is determined by the output charac- 
teristics of the microphone, and the desired transmit 
level. For example, a typical electret microphone will 
produce -0.35 mVrms under normal speech conditions. 
To achieve 100 mVrms at Tip/Ring, an overall gain of 
285 V/V is necessary. The gain of the transmit attenuator 
is fixed at 2.0 ( + 6.0 dB), and the gain through the hybrid 
of Figure 23 (Ght) 's nominally 0.4 ( - 8.0 dB). Therefore 
a gain of 357 V/V is required of the microphone and 
hybrid amplifiers. It is desirable to have the majority of 
that gain in the microphone amplifier for three reasons: 
1) the low level signals from the microphone should be 
amplified as soon as possible to minimize signal/noise 
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FIGURE 23 — MC34118 APPLICATION CIRCUIT 
(BASIC LINE POWERED SPEAKERPHONE) 
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1) These two resistors depend on the specific microphone selected. 

2) Component values shown are recommendations only, and will vary in 
different applications. 

3) This capacitor must be physically adjacent to Pin 4 of the MC34118. 

4) BNM = Background Noise Monitor; DTD = Dial Tone Detector. 

5) Recommended transformer: Stancor TTPC-13, Microtran T5115. 

6) Capacitor values are in fiF unless otherwise noted. 
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FIGURE 24 — BASIC BLOCK DIAGRAM FOR DESIGN PURPOSES 
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problems; 2) to provide a reasonable signal level to the 
TLI2 level detector; and 3) to minimize any gain applied 
to broadband noise generated within the attenuator. 
However, to cover the normal voiceband, the micro- 
phone amplifier's gain should not exceed 48 dB (see 
Figure 16). For the circuit of Figure 23, the gain of the 
microphone amplifier was set at 35 V/V (31 dB), and the 
differential gain of the hybrid amplifiers was set at 10.2 
VA/ (20.1 dB). 

II) Receive Gain 

The overall receive gain depends on the incoming 
signal level, and the desired output power at the 
speaker. Nominal receive levels (independent of the 
peaks) at Tip/Ring can be 35 mVrms (-27 dBm), 
although on long lines that level can be down to 8.0 
mVrms (-40 dBm). The speaker power is: 



PSPK = 



10dBm/10x0.6 

Rs 



(Equation 1) 



where Rs is the speaker impedance, and the dBm term 
is the incoming signal level increased by the gain of the 
receive path. Experience has shown that ~30 dB gain 
is a satisfactory amount for the majority of applications. 
Using the above numbers and Equation 1, it would 
appear that the resulting power to the speaker is 
extremely low. However, Equation 1 does not consider 
the peaks in normal speech, which can be 1 to 1 5 times 
the rms value. Considering the peaks, the overall aver- 
age power approaches 20-30 mW on long lines, and 
much more on short lines. 

Referring to Figure 23, the gain from Tip/Ring to the 
filter input was measured at 0.833 V/V (-1.6 dB), the 



filter's gain is unity, and the receive attenuator's gain is 
2.0 VA/ ( + 6.0 dB) at maximum volume. The speaker 
amplifier's gain is set at 22 V/V (26.8 dB), which puts 
the overall gain at -31.2 dB. 

Ill) Loop Gain 

The total loop gain (of Figure 24) must add up to less 
than zero dB to obtain a stable circuit. This can be 
expressed as: 

GmA + Gtx + GhA + GsT + ^FO + GrX + GSA + 
Gac < (Equation 2) 

Using the typical numbers mentioned above, and know- 
ing that Gjx + Grx = -40 dB, the required acoustic 
coupling can be determined: 



Gac < -[31 + 20.1 
-22.9 dB. 



+ (-15) + + (- 



40) + 26.8] = 
(Equation 3) 



An acoustic loss of at least 23 dB is necessary to prevent 
instability and oscillations, commonly referred to as 
"singing." However, the following equations show that 
greater acoustic loss is necessary to obtain proper level 
detection and switching. 

IV) Switching Thresholds 

To switch comparator CI, currents li and I3 need to 
be determined. Referring to Figure 24, with a receive 
signal Vl applied to Tip/Ring, a current I3 will flow 
through R3 into RLI2 according to the following 
equation: 



I3 



Yl 

R3 



GhR X Gpo X Grx x 



GSA 



(Equation 4) 
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where the terms in the brackets are the VA/ gain terms. 
The speaker amplifier gain is divided by two since GsA 
Is the differential gain of the amplifier, and V3 is 
obtained from one side of that output. The current l-], 
coming from the microphone circuit, Is defined by: 



Vm X Gma 
R1 



(Equation 5) 



where V|\/| Is the microphone voltage. Since the switch- 
ing threshold occurs when I1 = I3, combining the above 
two equations yields: 



Vm = Vlx 



R1 [Ghr X Gfo X Grx X Gsa] 



R3 



GmAx2 



(Equation 6) 

This is the general equation defining the microphone 
voltage necessary to switch comparator CI when a 
receive signal Vl Is present. The highest V|\/| occurs 
when the receive attenuator is at maximum gain ( + 6.0 
dB). Using the typical numbers for Equation 6 yields: 



Vm = 0.52 Vl 



(Equation 7) 



To switch comparator C2, currents I2 and I4 need to 
be determined. With sound applied to the microphone, 
a voltage Vm Is created by the microphone, resulting 
In a current I2 into TLI1 : 



^[gmaxGtxxM 



R2 



2 J 



(Equation 8) 



Since Gha 'S the differential gain of the hybrid ampli- 
fiers. It Is divided by two to obtain the voltage V2 applied 
to R2. Comparator C2 switches when I4 = I2. I4 is 
defined by: 



'4 = ^ t^HR X Gpol 



(Equation 9) 



Setting I4 
results In: 



I2, and combining the above equations 



V, - v^/, X — y ^GmAxGixxGha] 
^L-Vmx^2^ [GhrxGfox21 

(Equation 10) 

This equation defines the line voltage at Tip/Ring nec- 
essary to switch comparator C2 in the presence of a 
microphone voltage. The highest Vl occurs when the 
circuit is in the transmit mode (Gjx = +6.0 dB). Using 
the typical numbers for Equation 10 yields: 

Vl = 840 Vm (or Vm = 0.001 9 Vl) (Equation 1 1 ) 

At Idle, where the gain of the two attenuators is 
-20 dB (0.1 V/V), Equations 6 and 10 yield the same 
result: 



Vm = 0.024 Vl 



(Equation 12) 



Equations 7, 1 1, and 1 2 define the thresholds for switch- 
ing, and are represented In the following graph: 



FIGURE 25 — SWITCHING THRESHOLDS 




The "M" terms are the slopes of the lines (0.52, 0.024, 
and 0.001 9) which are the coefficients of the three equa- 
tions. The Mrx 'i"^® represents the receive to transmit 
threshold In that it defines the microphone signal level 
necessary to switch to transmit In the presence of a 
given receive signal level. The Mjx ''"e represents the 
transmit to receive threshold. The M| line represents the 
idle condition, and defines the threshold level on one 
side (transmit or receive) necessary to overcome noise 
on the other. 

Some comments on the above graph: 

— Acoustic coupling and sidetone coupling were not 
included in Equations 7 and 12. Those couplings will 
affect the actual performance of the final speakerphone 
due to their Interaction with speech at the microphone, 
and the receive signal coming in at Tip/Ring. The effects 
of those couplings are difficult to predict due to their 
associated phase shifts and frequency response. In 
some cases the coupling signal will add, and other times 
subtract from the Incoming signal. The physical design 
of the speakerphone enclosure, as well as the specific 
phone line to which It Is connected, will affect the acous- 
tic and sidetone couplings, respectively. 

— The Mrx ''^is helps define the maximum acoustic 
coupling allowed in a system, which can be found from 
the following equation: 



Gac-max = 



R1 



2 X R3 X Gma 



(Equation 13) 



Equation 13 is independent of the volume control set- 
ting. Conversely, the acoustic coupling of a designed 
system helps determine the minimum slope of that line. 
Using the component values of Figure 23 In Equation 
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1 3 yields a GaC-MAX o^ - 37 dB. Experience has shown, 
however, that an acoustic coupling loss of >40 dB is 
desirable. 

— The Mjx line helps define the nnaximunn sidetone 
coupling (Gsj) allowed in the system, which can be 
found from the following equation: 



GST = 



R4 



2 X R2 X Gpo 



(Equation 14) 



Using the component values of Figure 23 in Equation 
14 yields a maximum sidetone of dB. Experience has 
shown, however, that a minimum of 6.0 dB loss is 
preferable. 

The above equations can be used to determine the 
resistor values for the level detector inputs. Equation 6 
can be used to determine the R1/R3 ratio, and Equation 
10 can be used to determine the R4/R2 ratio. In Figure 
24, R1-R4 each represent the combined impedance of 
the resistor and coupling capacitor at each level detector 
input. The magnitude of each RC's impedance should 
be kept within the range of 2.0 k-1 5 kO in the voiceband 
(due to the typical signal levels present) to obtain the 
best performance from the level detectors. The specific 
R and C at each location will determine the frequency 
response of that level detector. 

APPLICATION INFORMATION 

DIAL TONE DETECTOR 

The threshold for the dial tone detector is internally 
set at 15 mV (10 mVrms) below Vg (see Figure 5). That 
threshold can be reduced by connecting a resistor from 
RXI to ground. The resistor value is calculated from: 



R = 10k 






where Vg is the voltage at Pin 15, and AV is the amount 
of threshold reduction. By connecting a resistor from 
Vcc to RXI, the threshold can be increased. The resistor 
value is calculated from: 



R = 10k 



Vcc - Vb 

AV 



where AV is the amount of the threshold increase. 

BACKGROUND NOISE MONITORS 

For testing or circuit analysis purposes, the transmit 
or receive attenuators can be set to the "on" position, 
by disabling the background noise monitors, and apply- 
ing a signal so as to activate the level detectors. Ground- 
ing the CPR pin will disable the receive background 
noise monitor, thereby indicating the "presence of 
speech" to the attenuator control block. Grounding CRT 
does the same for the transmit path. 

Additionally, the receive background noise monitor is 
automatically disabled by the dial tone detector when- 
ever the receive signal exceeds the detector's threshold. 



their full on and full off positions, the idle mode can be 
biased towards the transmit or the receive side. With 
this done, gaining control of the circuit from idle will 
be easier for that side towards which it is biased since 
that path will have less attenuation at idle. 

By connecting a resistor from Cj (Pin 14) to ground, 
the circuit will be biased towards the transmit side. The 
resistor value is calculated from: 



R = Rj 



Vb 
AV 



- 1 



where R is the added resistor, Rj is the resistor normally 
between Pins 14 and 15 (typically 120 k(l), and AV is 
the difference between Vg and the voltage at Cy at idle 
(refer to Figure 10). 

By connecting a resistor from Cj (Pin 14) to VcC' the 
circuit will be biased towards the receive side. The resis- 
tor value is calculated from: 



R = Rj 



Vcc - Vb 
AV 



- 1 



R, Rj, and AV are the same as above. Switching time 
will be somewhat affected in each case due to the dif- 
ferent voltage excursions required to get to transmit and 
receive from idle. For practical considerations, the AV 
shift should not exceed 100 mV. 

VOLUME CONTROL 

If a potentiometer with a standard linear taper is used 
for the volume control, the graph of Figure 14 indicates 
that the receive gain will not vary in a linear manner 
with respect to the pot's position. In situations where 
this may be objectionable, a potentiometer with an 
audio taper (commonly used in radio volume controls) 
will provide a more linear relationship as indicated in 
Figure 26. The slight non-linearity at each end of the 
graph is due to the physical construction of the poten- 
tiometer, and will vary among different manufacturers. 

FIGURE 26 — RECEIVE ATTENUATOR GAIN versus 
POTENTIOMETER POSITION USING AUDIO TAPER 
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TRANSMIT/RECEIVE DETECTION PRIORITY 

Although the MC34118 was designed to have an idle 
mode such that the attenuators are halfway between 



APPLICATION CIRCUIT 

The circuit of Figure 23 is a basic speakerphone, to 
be used in parallel with any other telephone which con- 
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tains the ringer, dialer, and handset functions. The cir- 
cuit is powered entirely by the telephone line's loop 
current, and its characteristics are shown in Figures 
27-30. 



FIGURE 27 — DC V-l CHARACTERISTICS 



FIGURE 30 — RECEIVE GAIN 
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FIGURE 28 — AC TERMINATION IMPEDANCE 
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FIGURE 29 — TRANSMIT GAIN — MICROPHONE TO TIP/RING 
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Figure 31 shows how the same circuit can be confi- 
gured to be powered from a 3.5-6.0 volt power supply 
rather than the phone line. 

FIGURE 31 — OPERATING FROM A POWER SUPPLY 
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ADDING A DIALER 

Figure 32 shows the addition of a dialer to the circuit 
of Figure 23, with the additional components shown in 
bold. The MC145412 pulse/tone dialer is shown confi- 
gured for DTMF operation. The DTMF output (Pin 18) is 
fed to the hybrid amplifiers at HTI, and the DTMF levels 
at Tip/Ring are adjusted by varying the 39 kCl resistor. 
The Mute Output (active low at Pin 1 1 ) mutes the micro- 
phone amplifier, and attenuates the DTMF signals in the 
receive path (by means of the 10 k/3.0 k divider). The 
MC341 18 Is forced into the fast idle mode during dialing. 
The 3.0 volt battery provides for memory retention of 
the dialer's 10 number storage when the circuit Is 
unpowered. 

RFI INTERFERENCE 

Potential radio frequency interference problems 
should be addressed early in the electrical and mechan- 
ical design of the speakerphone. RFI may enter the clr- 
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cuit through Tip and Ring, through the microphone wir- 
ing to the microphone amplifier, or through any of the 
PC board traces. The most sensitive pins on the 
MC34118 are the inputs to the level detectors (RLI1, 
RLI2, TLI1, TLI2) since, when there is no speech present, 
the inputs are high impedance and these op amps are 
in a near open loop condition. The board traces to these 
pins should be kept short, and the resistor and capacitor 
for each of these pins should be physically close to the 
pins. Any other high impedance input pin (MCI, HTI, Fl, 
VLC) should be considered sensitive to RFI signals. 

IN THE FINAL ANALYSIS . . . 

Proper operation of a speakerphone is a combination 
of proper mechanical (acoustic) design as well as proper 
electronic design. The acoustics of the enclosure must 
be considered early in the design of a speakerphone. In 
general, electronics cannot compensate for poor acous- 
tics, low speaker quality, or any combination of the two. 
Proper acoustic separation of the speaker and micro- 
phone, as described in the Design Equations, is essen- 
tial. The physical location of the microphone, along with 
the characteristics of the selected microphone, will play 
a large role in the quality of the transmitted sound. The 
microphone and speaker vendors can usually provide 
additional information on the use of their products. 

In the final analysis, the circuits shown in this data 
sheet will have to be "fine tuned" to match the acoustics 
of the enclosure, the specific hybrid, and the specific 
microphone and speaker selected. The component val- 
ues shown in this data sheet should be considered as 
starting points only. The gains of the transmit and 
receive paths are easily adjusted at the microphone and 
speaker amplifiers, respectively. The switching 



response can then be fine tuned by varying (in small 
steps) the components at the level detector inputs until 
satisfactory operation is obtained for both long and 
short lines. 

SUGGESTED VENDORS 



Microphones 

Primo Microphones Inc. 
Bensenvilie, IL 60106 
312-595-1022 
Model EM-60 

Hosiden America Corp. 

Elk Grove Village, IL 60007 

312-981-1144 

Model KUC2123 
25 fl Speakers 

Panasonic Industrial Co. 

Seacaucus, N.J. 07094 

201-348-5233 

Model EAS-45P19S 
Telecom Transformers 

Microtran Co., Inc. 

Valley Stream, N.Y. 11528 

516-561-6050 

Various models — ask for 

catalog and Application 

Bulletin F232 



MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 



Stancor Products 

Logansport, IN 46947 

219-722-2244 

Various models — ask for 

catalog 



Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 



PREM Magnetics, Inc. 

McHenry, IL 60050 

815-385-2700 

Various models — ask 

for catalog 
Motorola Inc. does not endorse or warrant the 
suppliers referenced. 



FIGURE 32 — ADDING A DIALER TO THE SPEAKERPHONE 
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Specifications and Applications 
Information 



LOW POWER AUDIO AMPLIFIER 

The MC34119 is a low power audio amplifier integrated circuit 
intended (primarily) for telephone applications, such as in 
speakerphones. It provides differential speaker outputs to max- 
imize output swing at low supply voltages (2.0 volts minimum). 
Coupling capacitors to the speaker are not required. Open loop 
gain is 80 dB, and the closed loop gain is set with two external 
resistors. A Chip Disable pin permits powering down and/or 
muting the input signal. The MC341 19 is available in a standard 
8-pin DIP or a surface mount package. 

• Wide Operating Supply Voltage Range (2-16 volts) — Allows 
Telephone Line Powered Applications 

• Low Quiescent Supply Current (2.7 mA Typical) for Battery 
Powered Applications 

• Chip Disable Input to Power Down the IC 

• Low Power-Down Quiescent Current (65 /aA Typical) 

• Drives a Wide Range of Speaker Loads (8 Ohms and Up) 

• Output Power Exceeds 250 mW with 32 Ohm Speaker 

• Low Total Harmonic Distortion (0.5% Typical) 

• Gain Adjustable from <0 dB to >46 dB for Voice Band 

• Requires Few External Components 



BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 



o^i^ 



Speaker 




I -:L- MC34119 



Bias 
Circuit 



JlCD/Chip 



Disable 



Gnd 



* = Optional 
Differential Gain = 2 x 



Rf 



MC34119 



LOW POWER 
AUDIO AMPLIFIER 

SILICON MONOLITHIC 
INTEGRATED CIRCUIT 




P SUFFIX 

PLASTIC PACKAGE 
CASE 626 



D SUFFIX 

PLASTIC PACKAGE 

CASE 751 

SO-8 



PIN CONNECTIONS 


CDC 


"T^ 


DV02 


FC2C 


2 7 


UGnd 


FC1C 


3 6 


DVcc 


VinC 


4 5 


DV01 


(1 


rop View 


) 



ORDERING INFORMATION 


Device 


Temperature 
Range 


Package 


MC34119P 


-20°Cto +70°C 


Plastic DIP 


MC34119D 


Plastic SOIC 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Value 


Units 


Supply Voltage 


-1.0 to +18 


Vdc 


Maximum Output Current at V01, V02 


±250 


mA 


Maximum Voltage @ Vjp, FC1, FC2, CD 


-1.0, Vcc + 1.0 


Vdc 


Applied Output Voltage to V01, V02 when disabled 


-1.0, Vcc + 1.0 


Vdc 


Junction Temperature 


-55, +140 


°C 


Devices should not be operated at these values. The "Recommended Operating Limits" provide 
for actual device operation. 

RECOMMENDED OPERATING LIMITS 


Parameter 


Symbol 


Min 


Typ 


Max 


Units 


Supply Voltage 


Vcc 


+ 2.0 


— 


+ 16 


Vdc 


Load Impedance 


Rl 


8.0 


— 


100 


n 


Peak Load Current 


"L 


— 


— 


±200 


mA 


Differential Gain (5.0 kHz bandwidth) 


AVD 





— 


46 


dB 


Voltage @ CD (Pin 1) 


VCD 





— 


Vcc 


Vdc 


Ambient Temperature 


ta 


-20 


— 


+ 70 


X 



ELECTRICAL CHARACTERISTICS (Ta = 25°C) 





Characteristics 


Symbol 


Min 


Typ 


Max 


Units 




AMPLIFIERS (AC CHARACTERISTICS) 














AC Input Resistance (@ V|n) 


rj 


— 


>30 


— 


Mn 






Open Loop Gain (Amplifier #1, f < 100 Hz) 


AVOLI 


80 


— 


— 


dB 




' 


Closed Loop Gain (Amplifier #2) 
(Vcc = 6.0 V, f = 1.0 kHz, Rl = 32 H) 


Av2 


-0.35 





+ 0.35 


dB 






Gain Bandwidth Product 


GBW 


— 


1.5 


— 


MHz 






Output Power, Vcc = 3.0 V, Rl = 16 a THD ^ 10% 
Vcc = 6.0 V, Rl = 32 a, THD ^ 10% 

Vcc = 12 V, Rl = 100 a, thd ^ 10% 


Pout3 
Pout6 
Pout12 


55 
250 
400 






mW 






Total Harmonic Distortion (f = 1.0 kHz) 
(Vcc = 6.0 V, Rl = 32 n, Pout = 125 mW) 
(Vcc ^ 3.0 V, Rl = 8.0 n, Pout = 20 mW) 
(Vcc ^ 12 V, Rl = 32 n. Pout = 200 mW) 


THD 


- 


0.5 
0.5 
0.6 


1.0 


% 






Power Supply Rejection (Vcc = 6.0 V, AVcc = 3.0 V) 
(CI = o), C2 = 0.01 fif) 
(CI = 0.1 )nF, C2 = 0,f = 1.0 kHz) 
(CI = 1.0 fiF, C2 = 5.0 /aF, f = 1.0 kHz) 


PSRR 


50 


52 


- 


dB 






Muting (Vcc = 6.0 V, 1.0 kHz ^ f ^ 20 kHz, CD = 2.0 V) 


GMT 


— 


>70 


— 


dB 






AMPLIFIERS (DC CHARACTERISTICS) 
















Output DC Level @ V01, V02, Vcc = 3.0 V, Rl = 16 H 
(Rf = 75 k) Vcc = 6.0 V 
Vcc = 12 V 


V0(3) 
V0(6) 
V0(12) 


1.0 


1.15 
2.65 
5.65 


1.25 


Vdc 






Output High Level (lout = "75 mA, 2.0 V ^ Vcc ^ 16 V) 


VOH 


— 


Vcc- 1.0 


— 


Vdc 






Output Low Level (lout = 75 mA, 2.0 V ^ Vcc ^ 16 V) 


Vol 


— 


0.16 


— 


Vdc 






Output DC Offset Voltage (V01-V02) 
(Vcc = 6.0 V, Rf = 75 kn, Rl = 32 ft) 


AVo 


-30 





+ 30 


mV 






Input Bias Current @ Vjn (Vcc = 6.0 V) 


l|B 


— 


-100 


-200 


nA 






Equivalent Resistance @ FC1 (Vcc = 6.0 V) 


Rfci 


100 


150 


220 


kn 






Equivalent Resistance @ FC2 (Vcc = 6.0 V) 


RFC2 


18 


25 


40 


kn 






CHIP DISABLE (Pin 1) 
















Input Voltage — Low 


V|L 


— 


— 


0.8 


Vdc 






Input Voltage — High 


VjH 


2.0 


— 


— 


Vdc 






Input Resistance (Vcc = VcD = 16 V) 


RCD 


50 


90 


175 


kn 






POWER SUPPLY 
















Power Supply Current 
(Vcc = 3.0 V, Rl = 00, CD = 0.8 V) 
(Vcc = 16 V, Rl = <», CD = 0.8 V) 
(Vcc = 3.0 V, Rl = «=, CD = 2.0 V) 


•CC3 
ICC16 
'CCD 


- 


2.7 
3.3 
65 


4.0 
5.0 
100 


mA 

mA 






Note: Currents into a pin are positive, currents out of a pin are negative. 
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PIN DESCRIPTION 



Symbol 


Pin 


Description 


CD 


1 


Chip Disable — Digital input. A Logic "0" (<0.8 V) sets normal operation. A Logic "1" (^2.0 V) sets 
the power down mode. Input impedance is nominally 90 kO. 


FC2 


2 


A capacitor at this pin increases power supply rejection, and affects turn-on time. This pin can be left 
open if the capacitor at FC1 is sufficient. 


FC1 


3 


Analog Ground for the amplifiers. A 1.0 /xF capacitor at this pin (with a 5.0 /xF capacitor at Pin 2) 
provides (typically) 52 dB of power supply rejection. Turn-on time of the circuit is affected by the 
capacitor on this pin. This pin can be used as an alternate input. 


Vin 


4 


Amplifier input. The input capacitor and resistor set low frequency rolloff and input impedance. The 
feedback resistor is connected to this pin and VOL 


vol 


5 


Amplifier Output #1. The dc level is -= (Vcc - 0-7 V)/2. 


vcc 


6 


DC supply voltage ( + 2.0 to +16 volts) is applied to this pin. 


GND 


7 


Ground pin for the entire circuit. 


V02 


8 


Amplifier Output #2. This signal is equal in amplitude, but 180° out of phase with that at VOL The dc 
level is - (Vcc - 0.7 V)/2. 



TYPICAL TEMPERATURE PERFORMANCE (-20° < Ta < +70°C) 



Function 


Typical Change 


Units 


Input Bias Current (@ Vjp) 


±40 


pA/°C 


Total Harmonic Distortion 

(Vcc = 6.0 V, Rl = 32 a Pout = 125 mW, f = 1.0 kHz) 


+ 0.003 


%/°C 


Power Supply Current 
(Vcc = 3.0 V, Rl = «=, CD = V) 
(Vcc = 3.0 V, Rl = <x, CD = 2.0 V) 


-2.5 
-0.03 


fiA/°C 



DESIGN 
GENERAL 

The MC34119 is a low power audio amplifier capable 
of low voltage operation (Vcc = 2.0 V minimunn) such 
as that encountered in line-powered speakerphones. 
The circuit provides a differential output (V01-V02) to 
the speaker to maximize the available voltage swing at 
low voltages. The differential gain is set by two external 
resistors. Pins FC1 and FC2 allow controlling the amount 
of power supply and noise rejection, as well as provid- 
ing alternate inputs to the amplifiers. The CD pin permits 
powering down the IC for muting purposes and to con- 
serve power. 

AMPLIFIERS 

Referring to the block diagram, the internal config- 
uration consists of two identical operational ampli- 
fiers. Amplifier #1 has an open loop gain of ^80 dB 
(at f ^ 100 Hz), and the closed loop gain is set by 
external resistors Rf and Rj. The amplifier is unity gain 
stable, and has a unity gain frequency of approxi- 
mately 1 .5 MHz. In order to adequately cover the tele- 
phone voice band (300-3400 Hz), a maximum closed 
loop gain of 46 dB is recommended. Amplifier #2 is 
internally set to a gain of - 1 .0 (0 dB). 

The outputs of both amplifiers are capable of sourcing 
and sinking a peak current of 200 mA. The outputs can 
typically swing to within —0.4 volts above ground, and 
to within —1.3 volts below VcC/ at the maximum cur- 
rent. See Figures 18 and 19 for Vqh and Vql curves. 

The output dc offset voltage (V01-V02) is primarily 
a function of the feedback resistor (Rf), and secondarily 
due to the amplifiers' input offset voltages. The input 
offset voltage of the two amplifiers will generally be 



GUIDELINES 

similar for a particular IC, and therefore nearly cancel 
each other at the outputs. Amplifier #1's bias current, 
however, flows out of Vjn (Pin 4) and through Rf, forcing 
V01 to shift negative by an amount equal to [Rf x I|b]. 
V02 is shifted positive an equal amount. The output 
offset voltage specified in the Electrical Characteristics 
is measured with the feedback resistor shown in the 
Typical Application Circuit, and therefore takes into 
account the bias current as well as internal offset volt- 
ages of the amplifiers. The bias current is constant with 
respect to Vqc- 

FC1 and FC2 

Power supply rejection is provided by the capacitors 
(CI and C2 In the Typical Application Circuit) at FC1 and 
FC2. C2 is somewhat dominant at low frequencies, while 
CI is dominant at high frequencies, as shown in the 
graphs of Figures 4-7. The required values of CI and 
C2 depend on the conditions of each application. A line 
powered speakerphone, for example, will require more 
filtering than a circuit powered by a well regulated 
power supply. The amount of rejection is a function of 
the capacitors, and the equivalent impedance looking 
Into FC1 and FC2 (listed in the Electrical Characteristics 
as Rpci and RfC2)- 

In addition to providing filtering, CI and C2 also 
affect the turn-on time of the circuit at power-up, since 
the two capacitors must charge up through the inter- 
nal 50 k and 125 kO resistors. The graph of Figure 1 
indicates the turn-on time upon application of Vcc ^^ 
+ 6.0 volts. The turn-on time is -60% longer for Vcc 
= 3.0 volts, and =20% less for Vcc = 9-0 volts. Turn- 
off time is <10 /is upon removal of Vcc- 
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FIGURE 1 — TURN-ON TIME versus CI, C2 AT POWER-ON 
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CHIP DISABLE 

The Chip Disable (Pin 1) can be used to power down 
the IC to conserve power, or for muting, or both. When 
at a Logic "0" (0 to 0.8 volts), the MC34119 is enabled 
for normal operation. When Pin 1 is at a Logic "1" (2.0 
to Vcc volts), the IC is disabled. If Pin 1 is open, that is 
equivalent to a Logic "0," although good design practice 
dictates that an input should never be left open. Input 
impedance at Pin 1 is a nominal 90 \Si. The power sup- 
ply current (when disabled) is shown in Figure 15. 

Muting, defined as the change in differential gain 
from normal operation to muted operation, is in excess 
of 70 dB. The turn-off time of the audio output, from 
the application of the CD signal, is <2.0 /lis, and turn 
on-time is 12-15 ms. Both times are independent of CI, 
C2, and Vcc- 

When the MC34119 is disabled, the voltages at FC1 
and FC2 do not change as they are powered from Vcc- 
The outputs, V01 and V02, change to a high impedance 
condition, removing the signal from the speaker. If sig- 
nals from other sources are to be applied to the outputs 
(while disabled), they must be within the range of Vcc 
and Ground. 

POWER DISSIPATION 

Figures 8-10 Indicate the device dissipation (within 
the IC) for various combinations of Vcc* RL' 9"^ 'o^^ 



10 



power. The maximum power which can safely be dis- 
sipated within the MC341 19 is found from the following 
equation: 

Pd = (140°C - Ta)/0ja 

where Ta is the ambient temperature; 

and 0JA is the package thermal resistance (100°CAA/ for 

the standard DIP package, and 180°CAA/ for the surface 

mount package.) 

The power dissipated within the MC34119, in a given 
application, is found from the following equation: 

Pd = (Vcc X Ice) + Crms x Vcc) - (Rl x Irms^) 

where Ice 's obtained from Figure 15; 
and IrmS 's the RMS current at the load; 
and Rl is the load resistance. 



Figures 8-10, along with Figures 11-13 (distortion 
curves), and a peak working load current of ±200 mA, 
define the operating range for the MC34119. The oper- 
ating range Is further defined in terms of allowable load 
power in Figure 14 for loads of 8.0 O, 16ft, and 32 H. 
The left (ascending) portion of each of the three curves 
is defined by the power level at which 10% distortion 
occurs. The center flat portion of each curve is defined 
by the maximum output current capability of the 
MC341 19. The right (descending) portion of each curve 
is defined by the maximum internal power dissipation 
of the IC at 25°C. At higher ambient temperatures, the 
maximum load power must be reduced according to 
the above equations. Operating the device beyond the 
current and junction temperature limits will degrade 
long term reliability. 

LAYOUT CONSIDERATIONS 

Normally a snubber is not needed at the output of the 
MC341 19, unlike many other audio amplifiers. However, 
the PC board layout, stray capacitances, and the manner 
in which the speaker wires are configured, may dictate 
otherwise. Generally the speaker wires should be 
twisted tightly, and be not more than a few inches in 
length. 



TYPICAL CHARACTERISTICS 



FIGURE 2 — AMPLIFIER #1 OPEN LOOP GAIN AND PHASE 



FIGURE 3 — DIFFERENTIAL GAIN versus FREQUENCY 
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POWER SUPPLY REJECTION versus FREQUENCY 

FIGURE4 — C2 = lO/nF FIGURE 5 — C2 = 5.0 /mF 
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FIGURE 6 — C2 = I.OaiF 
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FIGURE 8 — DEVICE DISSIPATION 
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FIGURE 9 — DEVICE DISSIPATION 
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FIGURE 10 — DEVICE DISSIPATION 
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FIGURE 11 — DISTORTION versus POWER 
f = 1.0kHz,AVD = 34 dB 
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FIGURE 12 — DISTORTION versus POWER 
f = 3.0 kHz, AVD = 34 dB 
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FIGURE 13 — DISTORTION versus POWER 
f = 1,3.0 kHz, AVD = 12 dB 
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FIGURE 14 — MAXIMUM ALLOWABLE LOAD POWER 



FIGURE 15 — POWER SUPPLY CURRENT 



500 



400 



300 



o 
9 200 



100 





Rl 


. = 32n/ 






\ 










/ 






\ 








1 








\ 








7 


rl = 


= 16 0" 


V 




v 


rr 










// 






\ 




\ 






7 






\, 




\ 




/ 


/ 


Rl = 


B.oa 




V 






7 






^^ 


^^^ 




/ 








^ 


— ^ 


^ 


Ta = 25°C — Derate at higher temperatures 
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FIGURE 16 — SMALL SIGNAL RESPONSE 



FIGURE 17 — LARGE SIGNAL RESPONSE 
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FIGURE 18 — Vcc-VOH @ V01, V02 versus LOAD CURRENT FIGURE 19 — Vql @ V01, V02 versus LOAD CURRENT 
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FIGURE 20 — INPUT CHARACTERISTICS @ CD (PIN 1) 



FIGURE 21 — AUDIO AMPLIFIER WITH HIGH INPUT IMPEDANCE 
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FIGURE 22 — AUDIO AMPLIFIER WITH BASS SUPPRESSION 
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FIGURE 23 — FREQUENCY RESPONSE OF FIGURE 22 
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FIGURE 24 — AUDIO AMPLIFIER WITH BANDPASS 
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FIGURE 25 — FREQUENCY RESPONSE OF FIGURE 24 
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FIGURE 26 — SPLIT SUPPLY OPERATION 
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HIGH PERFORMANCE CURRENT MODE CONTROLLER 

The MC341 29 series are high performance current mode switch- 
ing regulators specifically designed for use in low power digital 
telephone applications. These integrated circuits feature a unique 
internal fault timer that provides automatic restart for overload 
recovery. For enhanced system efficiency, a start/run comparator 
is included to implement bootstrapped operation of Vcc- Other 
functions contained are a temperature compensated reference, 
reference amplifier, fully accessible error amplifier, sawtooth os- 
cillator with sync input, pulse width modulator comparator, and 
a high current totem pole driver ideally suited for driving a power 
MOSFET. 

Also included are protective features consisting of soft-start, 
undervoltage lockout, cycle-by-cycle current limiting, adjustable 
dead time, and a latch for single pulse metering. 

Although these devices are primarily intended for use in digital 
telephone systems, they can be used cost effectively in many 
other applications. 

• Current Mode Operation to 300 kHz 

• Automatic Feed Forward Compensation 

• Latching PWM for Cycle-By-Cycle Current Limiting 

• Continuous Retry after Fault Timeout 

• Soft-Start with Maximum Peak Switch Current Clamp 

• Internally Trimmed 2% Bandgap Reference 

• High Current Totem Pole Driver 

• Input Undervoltage Lockout 

• Low Start-Up and Operating Current 

• Direct Interface with Motorola SENSEFET Products 
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ORDERING INFORMATION 



Device 


Temperature 
Range 


Package 


MC34129D 


Oto +70°C 


SO-14 Plastic DIP 


MC34129P 


Oto +70°C 


Plastic DIP 


MC33129D 


-40 to +85°C 


SO-14 Plastic DIP 


MC33129P 


-40 to +85°C 


Plastic DIP 



SENSEFET is a trademark of Motorola Inc. 
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MAXIMUM RATING 



Rating 


Symbol 


Value 


Unit 


Vcc Zener Current 


•Z(Vcc) 


50 


mA 


Start/Run Output Zener Current 


IZ(Start/Run) 


50 


mA 


Analog Inputs (Pins 3, 5, 9, 10, 11, 12) 


— 


-0.3 to 5.5 


V 


Sync Input Voltage 


Vsvnc 


-0.3 to Vcc 


V 


Drive Output Current, Source or Sink 


'DRV 


1.0 


A 


Current, Reference Outputs (Pins 6, 8) 


Iref 


20 


mA 


Power Dissipation and Thermal Characteristics 
D Suffix Package SO-14 Case 751A-01 
Maximunn Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 
P Suffix Package Case 646-06 
Maximum Power Dissipation @ Ta = 70°C 
Thermal Resistance Junction to Air 


pd 

R^JA 

Pd 

R^JA 


552 
145 

800 
100 


mW 
°C/W 

mW 

"C/W 


Operating Junction Temperature 


Tj 


+ 150 


°C 


Operating Ambient Temperature 
MC34129 
MC33129 


Ta 


Oto +70 
-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


"C 



ELECTRICAL CHARACTERISTICS (Vcc = 10 V> Ta = 25°C [Note 1] unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


REFERENCE SECTIONS 


Reference Output Voltage, Ta = 25°C 
1.25VRef., Il = mA 
2.50VRef., Il = 1.0 mA 


Vref 


1.225 
2.375 


1.250 
2.500 


1.275 
2.625 


V 


Reference Output Voltage, Ta = T|ow to Thigh 
1.25VRef., Il = mA 
2.50VRef.,lL = 1.0 mA 


Vref 


1.200 
2.250 


- 


1.300 
2.750 


V 


Line Regulation (Vcc = 4.0 V to 12 V) 
1.25VRef., Il = mA 
2.50VRef., Il = 1.0 mA 


Regiine 


- 


2.0 
10 


12 
50 


mV 


Load Regulation 
1.25VRef., Il = -10 to +500 fx A 
2.50 V Ref., Il = -0.1 to +1.0 mA 


Regioad 


- 


1.0 
3.0 


12 
25 


mV 


ERROR AMPLIFIER 


Input Offset Voltage (Vjn = 1.25 V) 
Ta = 25°C 
Ta = T|ow to Thigh 


V|0 


- 


1.5 


10 


mV 


Input Offset Current (Vjn = 1.25 V) 


l|0 


— 


10 


— 


nA 


Input Bias Current (Vjn = 1.25 V) 
Ta = 25°C 
Ta = T|ow to Thigh 


l|B 


- 


25 


200 


nA 


Input Common-Mode Voltage Range 


ViCR 


— 


0.5 to 5.5 


— 


V 


Open-Loop Voltage Gain (Vq = 1.25 V) 


AvoL 


65 


87 


— 


dB 


Gain Bandwidth Product (Vq = 1.25 V, f = 100 kHz) 


GBW 


500 


750 


— 


kHz 


Power Supply Rejection Ratio (Vcc = 5.0 to 10 V) 


PSRR 


65 


85 


— 


dB 


Output Source Current (Vq = 1.5 V) 


'Source 


40 


80 


— 


fiA 


Output Voltage Swing 
High State (Isource = M) 
Low State (Isink = 500 /xA) 


VOH 

Vol 


1.75 


1.96 
0.1 


2.25 
0.15 


V 



Note 1. T|ow = OX for MC34129 

= -40°CforMC33129 



Thigh = 



+ 70''CforMC34129 
+ 85XforMC33129 
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ELECTRICAL CHARACTERISTICS (Vqc = 10 V, Ta = 25°C [Note 1] unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


PWM COMPARATOR 


Input Offset Voltage (Vjn = 1.25 V) 


V|o 


150 


275 


400 


mV 


Input Bias Current 


l|B 


— 


-120 


-250 


M 


Propagation Delay, Ramp Input to Drive Output 


tPLH(IN/DRV) 


— 


250 


— 


ns 


SOFT-START 


Capacitor Charge Current (Pin 12 = V) 


'chq 


0.75 


1.2 


1.50 


/.A 


Buffer Input Offset Voltage (Vjn = 1.25 V) 


V|0 


— 


15 


40 


mV 


Buffer Output Voltage dsjnk = 100 M) 


Vol 


— 


0.15 


0.225 


V 


FAULT TIMER 


Restart Delay Time 


tDLY 


200 


400 


600 


flS 


START/RUN COMPARATOR 


Threshold Voltage (Pin 12) 


Vth 


— 


2.0 


— 


V 


Threshold Hysteresis Voltage (Pin 12) 


vh 


— 


350 


— 


mV 


Output Voltage (Isink = 500 fxA) 


Vol 


9.0 


10 


10.3 


V 


Output Off-State Leakage Current (VoH = 15 V) 


IS/Rdeak) 


— 


0.4 


2.0 


/.A 


Output Zener Voltage dz = 10 mA) 


Vz 


— 


(Vcc + 7.6) 


— 


V 


OSCILLATOR 


Frequency (Rj = 25.5 kn, Cj = 390 pF) 


^OSC 


80 


100 


120 


kHz 


Capacitor Cj Discharge Current (Pin 5 = 1.2 V) 


'dischp 


240 


350 


460 


HA 


Sync Input Current 
High State (Vjn = 2.0 V) 
Low State (Vjn = 0.8 V) 


l|H 
l|L 


- 


40 
15 


125 
35 


fxA 


Sync Input Resistance 


Rin 


12.5 


32 


50 


kn 


DRIVE OUTPUT 


Output Voltage 
High State dsource = 200 mA) 
Low State dsink = 200 mA) 


VOH 

Vol 


8.3 


8.9 
1.4 


1.8 


V 


Low State Holding Current 


IH 


— 


225 


— 


fiA 


Output Voltage Rise Time (Cl = 500 pF) 


tr 


— 


100 


— 


ns 


Output Voltage Fall Time (Cl = 500 pF) 


tf 


— 


30 




ns 


Output Pull-Down Resistance 


RPD 


100 


225 


350 


ka 


UNDERVOLTAGE LOCKOUT 


Start-Up Threshold 


Vth 


3.0 


3.6 


4.2 


V 


Hysteresis 


Vh 


5.0 


10 


15 


% 


TOTAL DEVICE 


Power Supply Current 
Rt = 25.5 kn, Ct = 390 pF, Cl = 500 pF 


Ice 


1.0 


2.5 


4.0 


mA 


Power Supply Zener Voltage dz = 10 mA) 


Vz 


12 


14.3 


— 


V 



Note 1 . T|ow ' 



0°CforMC34129 
-40XforMC33129 



Thigh = 



f70°CforMC34129 
f85XforMC33129 
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FIGURE 1 — TIMING RESISTOR versus OSCILLATOR 
FREQUENCY 
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FIGURE 2 — OUTPUT DEAD-TIME versus 
OSCILLATOR FREQUENCY 
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FIGURE 3 — OSCILLATOR FREQUENCY CHANGE 
versus TEMPERATURE 
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FIGURE 4 — ERROR AMP OPEN-LOOP GAIN AND 
PHASE versus FREQUENCY 
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FIGURE 5 — ERROR AMP SMALL-SIGNAL 
TRANSIENT RESPONSE 



FIGURE 6 — ERROR AMP LARGE-SIGNAL 
TRANSIENT RESPONSE 



1.05 V 



1.0 V 



0.95 V 




1.5V 



1.0 V 



0.5 V 




0.5 /is/DIV 



I.O/AS/DIV 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC34129.MC33129 
2-449 



FIGURE 7 — ERROR AMP OPEN-LOOP DC GAIN 
versus LOAD RESISTANCE 
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FIGURE 8 — ERROR AMP OUTPUT SATURATION 
versus SINK CURRENT 
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FIGURE 9 — SOFT-START BUFFER OUTPUT SATURATION 
versus SINK CURRENT 
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FIGURE 10 — REFERENCE OUTPUT VOLTAGE versus 
SUPPLY VOLTAGE 
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FIGURE 11 — 1.25 V REFERENCE OUTPUT VOLTAGE 
CHANGE versus SOURCE CURRENT 



FIGURE 12 — 2.5 V REFERENCE OUTPUT VOLTAGE 
CHANGE versus SOURCE CURRENT 



^ 














\i 




1 




^ 














CC .". 






^^ 


!¥^ 




















**^ 


^^ 




















v 


^^ 


^ 
















\ 




^"^ 


>^^ 








iA 


= - 


rc\ 




85°C ^ 


V 












\ 








> 














\ 








^ 












\ 








\^ 












\ 








\ 












\ 








\ 



-8.0 



'*'^* 






— . 










-1 
Mm - 


= 10V. 








"^^ 


■^^ 




Ss 


X 


•VCC - 










^s 


\ 


\ 


\ 
















\ 


N 




\ 














\ 




\ 


\ 














\ 




\ 


\ 










T; 


V = -40°cy 


25°Cy~i 


bxA 




















\ 






















I 
















\ 




\ 




















\ 























2.0 4.0 6.0 8.0 

Iref, REFERENCE OUTPUT SOURCE CURRENT (mA) 



0.4 0.8 1.2 1.6 

Iref, REFERENCE OUTPUT SOURCE CURRENT (mA) 



MC34129.I\/IC33129 
2-450 



MOTOROLA COMMUNICATIONS DEVICE DATA 



FIGURE 13 — 1.25 V REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 
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FIGURE 14 — 2.5 V REFERENCE OUTPUT VOLTAGE 
versus TEMPERATURE 






•Vref = 2.375 V^ "Vref = 


^2.500 V^^^ —'Vref = 2.625 V 




^ ^ 


"X^ 


^ 


V 


^.^ 




4,0 


/ 


y 


/ 


s 


N 


"-^ 


v^ 


/ 




/ 


\ 


^ 


\ 


\ 


8.0 


f 




/ 




\, 


\, 






/ 






\ 


V \ 




12 




/ 








\ 


\ 




/ 


Vc 
Ri 


-^ = 10 V 
= 2.5 k 
ef at Ta = 




\, 


\, 


-16 




/ 


*v 


= 26°C 




N, ^ 


/ 












\ 


-20 


/ 












\ 


/ 












\ 



25 50 75 

Ta, ambient temperature (°C) 



100 



FIGURE 15 — DRIVE OUTPUT SATURATION 
versus LOAD CURRENT 



FIGURE 16 — DRIVE OUTPUT WAVEFORM 
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FIGURE 17 — SUPPLY CURRENT versus SUPPLY VOLTAGE 
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PIN FUNCTION DESCRIPTION 



Pin No. 


Function 


Description 


1 


Drive Output 


This output directly drives the gate of a power MOSFET. Peak cur- 
rents up to 1.0 A are sourced and sinked by this pin. 


2 


Drive Ground 


This pin is a separate power ground return that is connected back 
to the power source. It is used to reduce the effects of switching 
transient noise on the control circuitry. 


3 


Ramp Input 


A voltage proportional to the inductor current is connected to this 
input. The PWM uses this information to terminate output switch 
conduction. 


4 


Sync/Inhibit Input 


A rectangular waveform applied to this input will synchronize the 
Oscillator and limit the maximum Drive Output duty cycle. A dc 
voltage within the range of 2.0 V to Vcc will inhibit the controller. 


5 


Rj/Ct 


The free-running Oscillator frequency and maximum Drive Output 
duty cycle are programmed by connecting resistor Rj to V^ei 2.5 V 
and capacitor Cj to Ground. Operation to 300 kHz is possible. 


6 


Vref 2.50 V 


This output is derived from Vref ''•25 V. It provides charging current 
for capacitor Cj through resistor Rj. 


7 


Ground 


This pin is the control circuitry ground return and is connected 
back to the source ground. 


8 


Vref 1.25 V 


This output furnishes a voltage reference for the Error Amplifier 
Non-Inverting Input. 


9 


Error Amp Non-Inverting Input 


This is the non-inverting input of the Error Amplifier. It is normally 
connected to the 1.25 V reference. 


10 


Error Amp Inverting Input 


This is the inverting input of the Error Amplifier. It is normally con- 
nected to the switching power supply output through a resistor 
divider. 


11 


Feedback/PWM Input 


This pin is available for loop compensation. It is connected to the 
Error Amplifier and Soft-Start Buffer outputs, and the Pulse Width 
Modulator input. 


12 


CSoft-Start 


A capacitor Csoft-Start 's connected from this pin to Ground for a 
controlled ramp-up of peak inductor current during start-up. 


13 


Start/Run Output 


This output controls the state of an external bootstrap transistor. 
During the start mode, operating bias is supplied by the transistor 
from Vjn- In the run mode, the transistor is switched off and bias is 
supplied by an auxiliary power transformer winding. 


14 


vcc 


This pin is the positive supply of the control IC. The controller is 
functional over a minimum Vcc range of 4.2 V to 12 V. 
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OPERATING DESCRIPTION 



The MC34129 series are high performance current 
mode switching regulator controllers specifically de- 
signed for use in low power telecommunication appli- 
cations. Implementation will allow remote digital tele- 
phones and terminals to shed their power cords and 
derive operating power directly from the twisted pair 
used for data transmission. Although these devices are 
primarily intended for use in digital telephone systems, 
they can be used cost effectively in a wide range of 
converter applications. A representative block diagram 
is shown in Figure 18. 

OSCILLATOR 

The oscillator frequency is programmed by the values 
selected for the timing components Rj and Cj. Capac- 
itor Cj Is charged from the 2.5 V reference through 
resistor Rj to approximately 1.25 V and discharged by 
an internal current sink to ground. During the discharge 
of Cj, the oscillator generates an internal blanking pulse 
that holds the lower input of the NOR gate high. This 
causes the Drive Output to be in a low state, thus pro- 
ducing a controlled amount of output deadtime. Figure 
1 shows Oscillator Frequency versus Rj and Figure 2, 
Output Deadtime versus Frequency, both for given val- 
ues of Cj. Note that many values of Rj and Cj will give 
the same oscillator frequency but only one combination 
will yield a specific output deadtime at a given fre- 
quency. In many noise sensitive applications it may be 
desirable to frequency-lock one or more switching reg- 
ulators to an external system clock. This can be accom- 
plished by applying the clock signal to the Sync/Inhibit 
Input. For reliable locking, the free-running oscillator 
frequency should be about 10% less than the clock fre- 
quency. Referring to the timing diagram shown in Fig- 
ure 19, the rising edge of the clock signal applied to the 
Sync/Inhibit Input, terminates charging of Cj and Drive 
Output conduction. By tailoring the clock waveform, ac- 
curate duty cycle clamping of the Drive Output can be 
achieved. A circuit method is shown in Figure 20. The 
Sync/Inhibit Input may also be used as a means for 
system shutdown by applying a dc voltage that is within 
the range of 2.0 V to Vqc- 

PWM COMPARATOR AND LATCH 

The l\/IC34129 operates as a current mode controller 
whereby output switch conduction is initiated by the 
oscillator and terminated when the peak inductor cur- 
rent reaches a threshold level established by the output 
of the Error Amp or Soft-Start Buffer (Pin 1 1 ). Thus the 
error signal controls the peak inductor current on a 
cycle-by-cycle basis. The PWM Comparator-Latch con- 
figuration used, ensures that only a single pulse appears 
at the Drive Output during any given oscillator cycle. 
The inductor current is converted to a voltage by in- 
serting the ground-referenced resistor Rg in series with 
the source of output switch Qi. The Ramp Input adds 
an offset of 275 mV to this voltage to guarantee that no 
pulses appear at the Drive Output when Pin 11 is at its 



lowest state. This occurs at the beginning of the soft- 
start interval or when the power supply is operating 
and the load is removed. The peak inductor current un- 
der normal operating conditions is controlled by the 
voltage at Pin 11 where: 



pk = 



V(Pinll) -0.275 V 

Rs 



Abnormal operating conditions occur when the power 
supply output is overloaded or if output voltage sensing 
is lost. Under these conditions, the voltage at Pin 11 
will be internally clamped to 1 .95 V by the output of the 
Soft-Start Buffer. Therefore the maximum peak switch 
current is: 



'pk{max) 



1.95 V - 0.275 1.675 V 



Rs 



Rs 



When designing a high power switching regulator it 
becomes desirable to reduce the internal clamp voltage 
in order to keep the power dissipation of Rs to a rea- 
sonable level. A simple method which adjusts this volt- 
age in discrete increments is shown in Figure 22. This 
method is possible because the Ramp Input bias current 
is always negative (typically - 120 fiA). A positive tem- 
perature coefficient equal to that of the diode string will 
be exhibited by Ipk(max)- An adjustable method that is 
more precise and temperature stable is shown in Figure 
23. Erratic operation due to noise pickup can result if 
there is an excessive reduction of the clamp voltage. In 
this situation, high frequency circuit layout techniques 
are imperative. 

A narrow spike on the leading edge of the current 
waveform can usually be observed and may cause the 
power supply to exhibit an instability when the output 
is lightly loaded. This spike is due to the power trans- 
former interwinding capacitance and output rectifier re- 
covery time. The addition of an RC filter on the Ramp 
Input with a time constant that approximates the spike 
duration will usually eliminate the instability; refer to 
Figure 25. 

ERROR AMP AND SOFT-START BUFFER 

A fully-compensated Error Amplifier with access to 
both inputs and output is provided for maximum design 
flexibility. The Error Amplifier output is common with 
that of the Soft-Start Buffer. These outputs are open- 
collector (sink only) and are ORed together at the in- 
verting input of the PWM Comparator. With this config- 
uration, the amplifier that demands lower peak inductor 
current dominates control of the loop. Soft-start is man- 
datory for stable start-up when power is provided 
through a high source impedance such as the long 
twisted pair used in telecommunications. It effectively 
removes the load from the output of the switching 
power supply upon initial start-up. The Soft-Start Buffer 
is configured as a unity gain follower with the non- 
inverting input connected to Pin 12. An internal 1.0 fjuA 
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FIGURE 18 — REPRESENTATIVE BLOCK DIAGRAM 
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OPERATING DESCRIPTION (continued) 



current source charges the soft-start capacitor (Csoft- 
Start) ^o 3n internally clamped level of 1.95 V. The rate 
of change of peak inductor current, during start-up, is 
programmed by the capacitor value selected. Either the 
Fault Timer or the Undervoltage Lockout can discharge 
the soft-start capacitor. 

FAULT TIMER 

This unique circuit prevents sustained operation in a 
lockout condition. This can occur with conventional 
switching control IC's when operating from a power 
source with a high series impedance. If the power re- 
quired by the load is greater than that available from 
the source, the input voltage will collapse, causing the 
lockout condition. The Fault Timer provides automatic 
recovery when this condition is detected. Under normal 
operating conditions, the output of the PWM Compar- 
ator will reset the Latch and discharge the internal Fault 
Timer capacitor on a cycle-by-cycle basis. Under op- 
erating conditions where the required power into the 
load is greater than that available from the source (Vjp), 
the Ramp Input voltage (plus offset) will not reach the 
comparator threshold level (Pin 11), and the output of 
the PWM Comparator will remain low. If this condition 
persists for more than 600 /as, the Fault Timer will ac- 
tivate, discharging Csoft-Start and initiating a soft-start 
cycle. The power supply will operate in a skip cycle or 
hiccup mode until either the load power or source 
impedance is reduced. The minimum fault timeout is 
200 fjLS, which limits the useful switching frequency to 
a minimum of 5.0 kHz. 

START/RUN COMPARATOR 

A bootstrap start-up circuit is included to improve 
system efficiency when operating from a high input 
voltage. The output of the Start/Run Comparator con- 
trols the state of an external transistor. A typical appli- 
cation is shown in Figure 21 . While Csoft-Start 's charg- 
ing, start-up bias is supplied to Vqc (P"" 14) from Vjp 
through transistor Q2. When Csoft-Start reaches the 
1.95 V clamp level, the Start-Run output switches low 
(Vcc - 50 mV), turning off Q2. Operating bias Is now 
derived from the auxiliary bootstrap winding of the 
transformer, and all drive power is efficiently converted 
down from Vjp. The start time must be long enough for 
the power supply output to reach regulation. This will 
ensure that there is sufficient bias voltage at the aux- 
iliary bootstrap winding for sustained operation. 



tStart 



1.95VCsoft-Start 



1.95Csoft-Startin A^F 



1.0 /iA 
The Start/Run Comparator has 350 mV of hysteresis. 



The output off-state is clamped to Vqc + 7.6 V by the 
internal zener and PNP transistor base-emitter junction. 

DRIVE OUTPUT AND DRIVE GROUND 

The MC34129 contains a single totem-pole output 
stage that was specifically designed for direct drive of 
power MOSFETs. It is capable of up to ±1.0 A peak 
drive current and has a typical fall time of 30 ns with a 
500 pF load. The totem-pole stage consists of an NPN 
transistor for turn-on drive and a high speed SCR for 
turn-off. The SCR design requires less average supply 
current (Iqc) when compared to conventional switching 
control IC's that use an all NPN totem-pole. The SCR 
accomplishes this during turn-off of the MOSFET, by 
utilizing the gate charge as regenerative on-bias, 
whereas the conventional all transistor design requires 
continuous base current. Conversion efficiency in low 
power applications is greatly enhanced with this re- 
duction of Ice- The SCR's low-state holding current (Ih) 
is typically 225 ^tA. An internal 225 kH pull-down resistor 
is included to shunt the Drive Output off-state leakage 
to ground when the Undervoltage Lockout is active. A 
separate Drive Ground is provided to reduce the effects 
of switching transient noise imposed on the Ramp In- 
put. This feature becomes particularly useful when the 
'pk(max) clamp level is reduced. Figure 24 shows the 
proper implementation of the MC34129 with a current 
sensing power MOSFET. 

UNDERVOLTAGE LOCKOUT 

The Undervoltage Lockout comparator holds the 
Drive Output and Cggft-Start P''^s in the low state when 
Vcc 's less than 3.6 V. This ensures that the MC34129 
is fully functional before the output stage is enabled 
and a soft-start cycle begins. A built-in hysteresis of 350 
mV prevents erratic output behavior as Vcc crosses the 
comparator threshold voltage. A 14.3 V zener is con- 
nected as a shunt regulator from Vcc ^^ ground. Its 
purpose is to protect the MOSFET gate from excessive 
drive voltage during system start-up. An external 9.1 V 
zener is required when driving low threshold MOSFETs. 
Refer to Figure 21. The minimum operating voltage 
range of the IC is 4.2 V to 12 V. 

REFERENCES 

The 1.25 V bandgap reference Is trimmed to ±2.0% 
tolerance at Ta = 25°C. It is intended to be used in 
conjunction with the Error Amp. The 2.50 V reference 
is derived from the 1.25 V reference by an internal op 
amp with a fixed gain of 2.0. It has an output tolerance 
of ±5.0% at Ta = 25°C and its primary purpose is to 
supply charging current to the oscillator timing 
capacitor. 
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FIGURE 20 — EXTERNAL DUTY CYCLE CLAMP 
AND MULTI UNIT SYNCHRONIZATION 




(RA + 2Rb)C 



RA + 2Rb 



FIGURE 21 — BOOTSTRAP START-UP 



CSoft-Start 




L_J . . I 

The external 9.1 V zener is required when driving low threshold MOSFETs. 



FIGURE 22 — DISCRETE STEP REDUCTION OF CLAMP LEVEL 



FIGURE 23 — ADJUSTABLE REDUCTION OF CLAMP LEVEL 





J r 



'pk(max) 



. 1-675 - (Vfidd + VrD21> 

Rs 



125 V (iT "^ ^) 



Rs 



FIGURE 24 — CURRENT SENSING POWER MOSFET 



Vr ^"S-lpk-rps(Qn) 

S roMlon) + Rs 
If: SENSEFET = MTP10N10M 
Rs = 200 



FIGURE 25 — CURRENT WAVEFORM SPIKE SUPPRESSION 




Then: Vpg = 0.075 Ipk 



Power Ground: 

To Input Source 

Return 



Control Circuitry Ground: 
To Pin 7 

Virtually lossless current sensing can be achieved with the implementation of a 
SENSEFET power switch. 




1.^ 



_-^ 



The addition of the RC filter will eliminate instability caused by the 
leading edge spike on the current waveform. 
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FIGURE 26 — MOSFET PARASITIC OSCILLATIONS 




Series gate resistor Rg will damp any high frequency parasitic oscil- 
lations caused by the MOSFET input capacitance and any series wiring 
inductance in the gate-source circuit. 



FIGURE 27 — BIPOLAR TRANSISTOR DRIVE 

IB Vin 



wc: 




Base Charge 
Rennoval 



'^JtlJ 






I 



Rs 



The totem-pole output can furnish negative base current for enhanced 
transistor turn-off, with the addition of capacitor CI. 



FIGURE 28 — NONISOLATED 725 mW FLYBACK REGULATOR 




O Vin = 20 V to 48 V 



-I — O 5V/125mA 



O -5V/20mA 



T1: Collcraft #G6807-A 

Primary = 90T #28 AWG 
Secondary ±5 V = 26T #30 AWG 
Gap = 0.05" for Lp of 600 /xH 
Core = Ferroxcube 813E187-3C8 
Bobbin = Ferroxcube E187PCB1-8 



Test 


Conditions 


Results 


Line Regulation 5 V 


Vjn = 20 V to 40 V, lout 5 V = 125 mA, lout -5 V = 20 mA 


A = 1.0 mV 


Load Regulation 5 V -^ 


Vin = 30 V, lout 5 V = mA to 150 mA, lout -5 V = 20 mA 


A = 2.0 mV 


Output Ripple 5 V 


Vin = 30 V. lout 5 V = 125 mA, lout -5 V = 20 mA 


150 mVp-p 


Efficiency 


Vin = 30 V, lout 5 V = 125 mA, lout -5 V = 20 mA 


77% 



Vout=1.25(f?.l) 
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FIGURE 29 — ISOLATED 2.0 W FLYBACK REGULATOR 



T1 : Primary = 35T #32 AWG 
Feedback = 12T#32 AWG 
Secondary ±5 V = 7T #32 AWG 
Gap = 0.004" for Lp of 180 mH 
Core = Ferroxcube 813E187-3C8 
Bobbin = Ferroxcube E187PCB1-8 




Test 




Results 


Line Regulation 5 V 


Vin 


= 20 V to 40 V, lout 5 V = 380 mA, lout - 5 V = 20 mA 


A = 1 mV 


Load Regulation 5 V 


Vin 


= 30 V, lout 5 V - 100 mA to 380 mA, lout - 5 V = 20 mA 


A = 15mV 


Output Ripple 5 V 


Vin 


- 30 V, lout 5 V - 380 mA, lout -5 V = 20 mA 


150mVp-p 


Efficiency 


Vin 


= 30 V, lout 5 V = 380 mA, lout -5 V = 20 mA 


73% 



FIGURE 30 — ISOLATED 3.0 W FLYBACK REGULATOR WITH SECONDARY SIDE SENSING 




•#■ T1: Primary = 22T #18 AWG 

Secondary = 22T #18 AWG 
Lp = 50 ixH 

Core = Ferroxcube 261 6PA100-3C8 
Bobbin = Ferroxcube 261 6F1D 
LI: Coilcraft Z7156, 15 ^H 



Test 


Conditions 


Results 


Line Regulation 


Vjn = 8Vto 12 V, lout 600 mA 


A = 1 mV 


Load Regulation 


Vjn = 12 V, lout = 100 mA to 600 mA 


A = 8mV 


Output Ripple 


Vin = 12 V, lout = 600 mA 


20 mVp-p 


Efficiency 


Vin = 12 V, lout = 600 mA 


81% 



An economical method of achieving secondary sensing is to combine the TL431A with a 4N26 optocoupler. 
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4x4 Crosspoint Switch 
with Control iViemory 

The MC142100 and MC145100 consist of 16 crosspoint switches (analog 
transmission gates) organized in 4 rows and 4 columns. Both devices have 16 
latches, each of which controls the state of a particular switch. Any of the 16 
switches can be selected by applying its address to the device and a pulse to 
the strobe input. The selected crosspoint will turn on if during strobe, Djn was a 
1 and will turn off if during strobe, D|n was a 0. In addition the MCI 451 00 will reset 
all non-selected switches in the same row as the selected switch. Other switches 
are unaffected. In the MCI 451 00, an internal power-on reset turns off all switches 
as power is applied. 

• Internal Latches Control State of Switches ,, «,^.,*,™« 

• Power-On Reset (MCI 451 00 Only) ^ ; j l( }1 ^ 

• Low On Resistance — Typically on 110 f2 @ 10 Vdc 

• Large Analog Range (Vdd-Vss) '<^'^^;'r^ "^^^ '^h,^ 

• All Pins are Diode Protected - - ^--^^^ ^--"^ ' =-^'^' -^^' ^ ^^ 

• Matched Switch Characteristics ,., , .^s,..«n v .. 

• High CMOS Noise Immunity V'"" v,.,;^^ii^i iv> 

• MCI 421 00 Pin-for-Pin Replacement for CD22100 



MCI 421 00 
MCI 451 00 



^1 '^ d ;ls 



^? 






BLOCK DIAGRAM 



ST Din 



pLy-L^^^^^^ 



■ R1 



jjl, jj]_ jj]-,, ^:' 




j}— ^» Q] — " Jj°] — "' [jiH^ 




DW SUFFIX 

SOG 
CASE 751 G 



P SUFFIX 

PLASTIC 
CASE 648 



ORDERING INFORMATION 
MC14XXXX^ ^ SUFFIX DENOTES 



— DW 

— P 
C 



SOG Package 
MC1 421 00 ONLY 

Plastic DIP 

Limited Operating 
Temperature Range 

Extended Operating 
Temperature Range 



R2 



R3 



PIN ASSIGNMENTS 




Vss t 8 



ANALOG TRANSMISSION GATE (CROSSPOINT) SCHEMATIC 



In/Out 



Control O^ ► | »— » 



I — Vdd Vdd Vdd I_ I i V_Dpi 

i> — (I r« • 1^^" — '• — i-^vsA^-^O 

ill j^lll 5i2 Out/In 



itr 



In/Out O-^^-O OuVIn 
Control 



^ 



In/Out O— [^5|-0 OuVIn 
Control 
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Quad Line Driver 

CMOS 

The MC1 43403 and MC1 43404 are low-power, quad line drivers with true 
differential inputs. The device has electrical characteristics similar to the 
popular LM324 and MC3403. However, the MC1 43403 has several distinct 
advantages over standard operational amplifier types. The !ow-povv'er, quad 
line driver MC1 43403, draws only 1.5 mA (typ) and the micropower, quad line 
driver MC1 43404, draws only 400 |xA (typ) and provides high output drive 
capabilities. The common mode rejection ratio is typically 60 dB. 

These units are excellent building blocks for communications, consumer 
industrial and instrument applications where low power is required, particularly 
in telecommunications equipment. These units are useful in both battery 
operated communications systems and phone line powered equipment. 

• Low-Power and Micropower Communication Devices 

• True Differential Input Stage 

• Single or Split Supply Operation 

• High Input Impedance 

• Very Low Input Bias Current: 1 nA 

• Four Drivers per Package 

• Pinout Compatible with LM324 and MC3403 

• Wide Input Voltage Range 

• High Output Current Drive, MC1 43403 

• Typical Input Offset Voltage: 10 mV 



i\/iC1 43403 
i\/iC1 43404 





D SUFFIX 

SOG 
CASE 751 A 



P SUFFIX 

PLASTIC 
CASE 646 



ORDERING INFORMATION 



MC14XXXX 



X S 

t 



SUFRX DENOTES 

P Plastic DIP 
D SOG Package 






i;„^- 



PIN ASSIGNMENT 



OUTPUT A [ 



INPUTS A 



INPUTS B 



OUTPUTS [■ 




VddE 



^] OUTPUT D 



INPUTS D 



] Vss 



INPUTS 



] OUTPUT 
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Encoder and Decoder Pairs 

CMOS 

These devices are designed to be used as encoder/decoder pairs in remote 
control applications. 

The MC1 45026 encodes nine lines of information and serially sends this 
information upon receipt of a transmit enable (TE) signal. The nine lines may be 
encoded with trinary data (low, high, or open) or binary data (low or high). The 
words are transmitted twice per encoding sequence to increase security. 

The MC1 45027 decoder receives the serial stream and interprets five of the 
trinary digits as an address code. Thus, 243 addresses are possible. If binary 
data is used at the encoder, 32 addresses are possible. The remaining serial 
information is interpreted as four bits of binary data. The valid transmission (VT) 
output goes high on the MC1 45027 when two conditions are met. First, two 
addresses must be consecutively received (in one encoding sequence) which both 
match the local address. Second, the 4 bits of data must match the last valid data 
received. The active VT indicates that the Information at the Data output pins has 
been updated. 

The MC1 45028 decoder treats all nine trinary digits as an address which allows 
19,683 codes. If binary data is encoded, 512 codes are possible. The VT output 
goes high on the MCI 45028 when two addresses are consecutively received (in 
one encoding sequence) which both match the local address. 

• Operating Temperature Range: -40 to +85°C 

• Very-Low Standby Current for the Encoder: 300 nA Maximum @ 25°C 

• Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators 

• RC Oscillator, No Crystal Required 

• High External Component Tolerance; Can Use ±5% Components 

• Internal Power-On Reset Forces All Decoder Outputs Low 

• For Infrared Applications, See Applications Notes AN1016 and AN1126 

• Operating Voltage Range: MCI 45026 = 2.5 to 18 V* 

MCI 45027, MCI 45028 = 4.5 to 18 V 

• Low-Voltage Versions Available: 

SC41343 = 2.8 to 10 V Version of the MCI 45027 
SC41344 = 2.8 to 10 V Version of the MCI 45028 



PIN ASSIGNMENTS 



MCI 45026 

MCI 45027 

MCI 45028 

SC41343 

SC41344 




D SUFFIX 

SOG 
CASE 751 B 



DW SUFFIX 

SOG 
CASE 751 G 



ORDERING INFORMATION 

MC145026P Plastic DIP 

MC145026D SOG 

MG145027P,SC41343P Plastic DIP 

MG145027DW, SC41343DW SOG 

MC145028P,SC41344P Plastic DIP 

MC145028DW, SC41344DW SOG 




MC145027/SC41343 
DECODERS 



MC145028/SC41344 
DECODERS 



A1 [ 


1 • 


16 


]Vdd 


A2[ 


2 


15 


]D6 


A3[ 


3 


14 


]D7 


A4[ 


4 


13 


]D8 


A5[ 


5 


12 


]D9 


Ri[ 


6 


11 


]VT 


ClC 


7 


10 


] R2/C2 


vssc 


8 


9 


]Din 




All MCI 45026 devices manufactured after date code 931 4 or 31 4 are guaranteed over this wider voltage range. All previous designs using the 
low-voltage SC41342 should convert to the MCI 45026, which is a drop-in replacement. The SC41342 part number will be discontinued. 
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TE 11 



r 



Rs Rtc 

r-AAAr-^-AAAr-i 

Xctc 



3-PIN 

OSCILLATOR 

AND 

ENABLE 



+ 4 
DIVIDER 



DATA SELECT 

AND 

BUFFER 



RING COUNTER AND 1-0F-9 DECODER 
9 8 7 6 5 4 3 2 1 



P 



A2 

A3^ 

A4^ 

A5^ 
A6/D6 -^ 
A7/D7 -^ 
A8/D8 -^ 
A9/D9 -1^ 



:s_ 



-^ 



■^ 



# 



^ 



A 



■^ 



UKl 



Dout 



TRINARY 
DETECTOR 



Vdd = PIN16 
Vss = PIN8 



Figure 1. MCI 45026 Encoder Block Diagram 




Figure 2. I\/IC1 45027 Decoder Block Diagram 
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SEQUENCER CIRCUIT 



^ 



^ 



^ 



^ 



m 



CONTROL 
LOGIC 



■ VT 



^<K 



ftj 



9-BIT 

SHIFT 

REGISTER 



DATA 
EXTRACTOR 



J 



hiAAJ^104 



J_ Vss = 



PIN 16 
PIN 8 



:^2'= 



Figure 3. MC1 45028 Decoder Block Diagram 



MAXIMUIVi RATINGS* (Voltage Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage (except SC41343, SC41344) 


-0.5 to + 18 


V 


Vdd 


• DC Supply Voltage (SC41343, SC41344 only) 


-0.5 to + 10 


V 


V|n 


DC Input Voltage 


-0.5 to Vdd + 0.5 


V 


Vout 


DC Output Voltage 


-0.5 to Vdd +0-5 


V 


l|n 


DC Input Current, per Pin 


±10 


mA 


'out 


DC Output Current, per Pin 


±10 


mA 


pd 


Power Dissipation, per Package 


500 


mW 


Tstg 


Storage Temperature 


-65 to +150 


°C 


Tl 


Lead Temperature, 1 mm from Case for 
10 Seconds 


260 


°C 



' Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits in the Electrical Characteristics tables or Pin 
Descriptions section. 



This device contains protection circuitry to 
guard against damage due to high static volt- 
ages or electric fields. However, precautions 
must be taken to avoid applications of any volt- 
age higher than maximum rated voltages to 
this high-impedance circuit. For proper opera- 
tion, Vjn and Vout should be constrained to the 
range Vss ^ (Vin or Vout) ^ Vdd- 
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ELECTRICAL CHARACTERISTICS — MC145026*, MC1 45027, and MC145028 (Voltage Referenced to Vss) 



Symbol 


Characteristic 


Vdd 

V 


Guaranteed Limit 


Unit 


-40°C 


25°C 


+ 85X 


Min 


Max 


Min 


Max 


Min 


Max 


Vol 


Low-Level Output Voltage (Vjn = Vqd or 0) 


5.0 
10 
15 


— 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


V 


VOH 


High-Level Output Voltage (Vjn = or Vqd) 


5.0 
10 
15 


4.95 
9.95 
14.95 


— 


4.95 
9.95 
14.95 




4.95 
9.95 
14.95 




V 


V|L 


Low-Level Input Voltage 

(Vout = 4.5or0.5V) 

(Vout = 9.0or1.0V) 

{Vout= 13.5 or 1.5 V) 


5.0 
10 
15 


- 


1.5 
3.0 
4.0 


- 


1.5 
3.0 
4.0 


- 


1.5 
3.0 
4.0 


V 


V|H 


High-Level Input Voltage 

(Vout = 0.5or4.5V) 

(Vout=1.0or9.0V) 

(Vout= 1.5 or 13.5 V) 


5.0 
10 
15 


3.5 
7.0 
11 


- 


3.5 
7.0 
11 


- 


3.5 
7.0 
11 


- 


V 


'oh 


High-Level Output Current 

(Vout = 2.5V) 

(Vout = 4.6V) 

(Vout = 9.5V) 

{Vout= 13.5 V) 


5.0 
5.0 
10 
15 


-2.5 
-0.52 
-1.3 
-3.6 


- 


-2.1 
-0.44 
-1.1 
-3.0 


- 


-1.7 
-0.36 
-0.9 
-2.4 


- 


mA 


lOL 


Low-Level Output Current 

(Vout = 0.4V) 
{Vout = 0.5V) 
(Vout=1.5V) 


5.0 
10 
15 


0.52 
1.3 
3.6 


- 


0.44 
1.1 
3.0 


- 


0.36 
0.9 
2.4 


- 


mA 


l|n 


Input Current — TE 
(MC145026, Pull-up Device) 


5.0 
10 
15 






3.0 
16 
35 


11 
60 
120 






jiA 


■in 


Input Current 
RS (MCI 45026), Djn (MCI 45027, MCI 45028) 


15 


— 


±0.3 


— ■ 


±0.3 


— 


±1.0 


HA 


lin 


Input Current 
A1-A5, A6/D6-A9/D9 (MCI 45026), 
A1-A5 (MCI 45027), 
A1-A9(MC1 45028) 


5.0 
10 
15 


- 


- 


- 


±110 
±500 
±1000 


- 


- 


HA 


Cin 


Input Capacitance (Vjn = 0) 


— 


— 


— 


— 


7.5 


— 


— 


PF 


'dd 


Quiescent Current — MC1 45026 


5.0 
10 
15 


— 


— 


— 


0.1 
0.2 
0.3 


- 


— 


ha 


'dd 


Quiescent Current — MCI 45027, MC1 45028 


5.0 
10 
15 




k ■" 


- 


50 
100 
150 


- 


: — 


HA 


Idd 


Dynamic Supply Current — MCI 45026 (fc = 20 kHz) 


5.0 
10 
15 




- 


— 


200 
400 
600 


— 


— 


^A 


Idd 


Dynamic Supply Current — MCI 45027, MCI 45028 
(fc = 20 kHz) 


5.0 
10 
15 


— 


— 


- 


400 
800 
1200 


- 


- 


ha 



*Also see next Electrical Characteristics table for 2.5 V specifications. 
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ELECTRICAL CHARACTERISTICS — MC1 45026 (Voltage Referenced to Vss) 



Symbol 


Characteristic 


Vqd 

V 


Guaranteed Limit 


Unit 


-40°C 


25°C 


+ 85°C 


Min 


Max 


Min 


Max 


Min 


Max 


Vol 


Low-Level Output Voltage (Vjn = V or Vqd) 


2.5 


— 


0.05 


— 


0.05 


— 


0.05 


V 


VOH 


High-Level Output Voltage (Vjn = V or Vpo) 


2.5 


2.45 


— 


2.45 


— 


2.45 


— 


V 


V|L 


Low-Level Input Voltage (Vout = 0.5 V or 2.0 V) 


2.5 


— 


0.3 


— 


0.3 


— 


0.3 


V 


V|H 


High-Level Input Voltage (Vout = 0.5 V or 2.0 V) 


2.5 


2.2 


— 


2.2 


— 


2.2 


— 


V 


'oh 


High-Level Output Current (Vout = 1 -25 V) 


2.5 


0.28 


— 


0.25 


— 


0.2 


— 


mA 


lOL 


Low-Level Output Current (Vout = 0.4 V) 


2.5 


0.22 


— 


0.2 


— 


0.16 


— 


mA 


lin 


Input Current (TE — Pull-Up Device) 


2.5 


— 


— 


0.09 


1.8 


— 


— 


HA 


lin 


Input Current (A1-A5, A6/D6-A9/D9) 


2.5 


— 


— 


— 


±25 


— 


— 


^A 


Idd 


Quiescent Current 


2.5 


— 


— 


— 


0.05 


— 


— 


^lA 


Idd 


Dynamic Supply Current (fc = 20 kHz) 


2.5 


— 


— 


— 


40 


— 


— 


HA 


ELECTRICAL CHARACTERISTICS — SC41343 and SC41344 (Voltage Referenced to Vss) 


Symbol 


Characteristic 


Vdd 

V 


Guaranteed Limit 


Unit 


-40°C 


25°C 


+ 85°C 


Min 


Max 


Min 


Max 


Min 


Max 


Vol 


Low-Level Output Voltage (Vjp = V or Vqd) 


2.8 
5.0 
10 




0.05 
0.05 
0.05 




0.05 
0.05 
0.05 




0.05 
0.05 
0.05 


V 


VOH 


High-Level Output Voltage (Vjn = V or Vqd) 


2.8 
5.0 
10 


2.75 
4.95 
9.95 


- 


2.75 
4.95 
9.95 


— 


2.75 
4.95 
9.95 


— 


V 


V|L 


Low-Level Input Voltage 

(Vout = 2.3 V or 0.5 V) 
(Vout = 4.5 V or 0.5 V) 
(Vout = 9-0 V or 1.0 V) 


2.8 
5.0 
10 


- 


0.84 
1.5 
3.0 


- 


0.84 
1.5 
3.0 


- 


0.84 
1.5 
3.0 


V 


V|H 


High-Level Input Voltage 

(Vout = 0.5 V or 2.3 V) 
(Vout = 0.5 V or 4.5 V) 
(Vout = 1.0 V or 9.0 V) 


2.8 
5.0 
10 


1.96 
3.5 
7.0 


- 


1.96 
3.5 
7.0 


- 


1.96 
3.5 
7.0 


- 


V 


'OH 


High-Level Output Current 

(Vout=1-4V) 
(Vout = 4.5 V) 
(Vout = 9.0 V) 


2.8 
5.0 
10 


-0.73 
-0.59 
-1.3 


- 


-0.7 
-0.5 
-1.1 


- 


-0.55 
-0.41 
-0.9 


- 


mA 


lOL 


Low-Level Output Current 

(Vout = 0.4 V) 
(Vout = 0.5 V) 
(Vout=1-0V) 


2.8 
5.0 
10 


0.35 
0.8 
3.5 


- 


0.3 
0.6 
2.9 


- 


0.24 
0.4 
2.3 


- 


mA 


•in 


Input Current — Djp 


10 


— 


±0.3 


— 


±0.3 


— 


±1.0 


^lA 


lin 


Input Current 
A1-A5(SC41343) 
A1-A9(SC41344) 


2.8 
5.0 
10 


— 


— 


- 


±30 
±140 
±600 


— 


— 


iiA 


Cin 


Input Capacitance (Vjp = 0) 


— 


— 


— 


— 


7.5 


— 


— 


PF 


'dd 


Quiescent Current 


2.8 
5.0 
10 




- 




60 
75 
150 






^A 


Idd 


Dynamic Supply Current (fc = 20 kHz) 


2.8 
5.0 
10 






- 


300 
500 
1000 


z 


E 


HA 
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SWITCHING CHARACTERISTICS — MCI 45026*, MCI 45027, and MCI 45028 (Cl = 50 pF. Ta = 25''C) 



Symbol 


Characteristic 


Figure # 


Vdd 


Guaranteed Limit 


Unit 


Mm 


Max 


tTLH. tlHL 


Output Transition Time 


4.8 


5.0 
10 
15 


- 


200 
100 
80 


ns 


tr 


Djn Rise Time — Decoders 


5 


5.0 
10 
15 


- 


15 
15 
15 


MS 


tf 


Djn Fall Time — Decoders 


5 


5.0 
10 
15 




15 
5.0 
4.0 


MS 


W 


Encoder Clock Frequency 


6 


5.0 
10 
15 


0.001 
0.001 
0.001 


2.0 
5.0 
10 


MHz 


f 


Decoder Frequency — Referenced to Encoder Clock 


12 


5.0 
10 
15 


1.0 
1.0 
1.0 


240 
410 
450 


kHz 


tw 


TE Pulse Width — Encoders 


7 


5.0 
10 
15 


65 
30 
20 


- 


ns 


*Also see next Switching Characteristics table for 2.5 V specifications. 
SWITCHING CHARACTERISTICS — MC145026 (Cl = 50 pF, Ta = 25X) 


Symbol 


Characteristic 


Figure # 


VPD 


Guaranteed Limit 


Unit 


IVIin 


Max 


tTLH. ITHL 


Output Transition Time 


4,8 


2.5 


— 


450 


ns 


fosc 


Encoder Clock Frequency 


6 


2.5 


1.0 


250 


kHz 


tw 


TE Pulse Width 


7 


2.5 


1.5 


— 


MS 


SWITCHING CHARACTERISTICS — SC41343 and SC41344 (Cl = 50 pF, Ta = 25°C) 


Symbol 


Characteristic 


Figure # 


Vdd 


Guaranteed Limit 


Unit 


iVIin 


Max 


tTLH. ^HL 


Output Transition Time 


4.8 


2.8 
5.0 
10 


- 


320 
200 
100 


ns 


tr 


Djn Rise Time 


5 


2.8 
5.0 
10 


— 


15 
15 
15 


MS 


tf 


Djn Fall Time 


5 


2.8 
5.0 
10 


— 


15 
15 
5.0 


MS 


f 


Decoder Frequency — Referenced to Encoder Clock 


12 


2.8 
5.0 
10 


1.0 
1.0 
1.0 


100 
240 
410 


kHz 
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ANY OUTPUT 



10% 



■ tTLH tTHL- 



*l 1*- Din lOo/oNc # \_ 



•Vdd 

•vss 



Figure 4. 



Figure 5. 



Rtc 




1/W 



^V/ 



TE 



\!!_/ 



Vdd 
Vss 



Figure 6. 



Figure 7. 



DEVICE 
UNDER 
TEST 



TEST POINT 
P 



OUTPUT 



^oc 



INCLUDES ALL PROBE AND JIG CAPACITANCE. 

Figured. Test Circuit 



OPERATING CHARACTERISTICS 

IVIC1 45026 

The encoder serially transmits trinary data as defined by 
the state of the A1-A5 and A6/D6-A9/D9 input pins. These 
pins may be in either of three states (low, high, or open) 
allowing 19,683 possible codes^The transmit sequence is 
initiated by a low level on the TE input pin. Upon power up, 
the MC1 45026 can continuously transmit as long as TE 
remains low (also, the_device can transmit two-word 
sequences by pulsing TE low). However, no MC1 45026 
application should be designed to rely upon the first data word 
transmitted immediately after power up because this word 
may be invalid. Between the two data words, no signal is sent 
for three data periods (see Figure 10). 

Each transmitted trinary digit is encoded into pulses (see 
Figure 1 1 ). A logic (low) is encoded as two consecutive short 
pulses, a logic 1 (high) as two consecutive long pulses, and 
an open (high impedance) as a long pulse followed by a short 
pulse. The input state is determined by using a weak "output" 
device to try to force each input high then low. If only a high 
state results from the two tests, the input is assumed to be 
hardwired to Vdd- '^ on\y a low state is obtained, the input is 
assumed to be hardwired to Vss- '^ both a high and a low can 
be forced at an input, an open Is assumed and is encoded 
as such. The "high" and "low" levels are 70% and 30% of the 
supply voltage as shown in the Electrical Characteristics 
Table. The weak "output" device sinks/sources up to 110 |xA 
at a 5-V supply level, 500 jiA at 10 V, and 1 mA at 15 V. 



The TE input has an internal pull-up device so that a simple 
switch may be used to force the input low. While TE is high, 
the encoder is completely disabled, the oscillator is inhibited, 
and the current drain is reduced to quiescent current. When 
TE is brought low, the oscillator is started and the transmit 
sequence begins. The inputs are then sequentially selected, 
and determinations are made as to the input logic states. This 
information is serially transmitted via the Dout P'"- 

IVIC1 45027 

This decoder receives the serial data from the encoder and 
outputs the data, if It is valid. The transmitted data, consisting 
of two identical words, is examined bit by bit during reception. 
The first five trinary digits are assumed to be the address. If 
the received address matches the local address, the next four 
(data) bits are internally stored, but are not transferred to the 
output data latch. As the second encoded word Is received, 
the address must again match. If a match occurs, the new 
data bits are checked against the previously stored data bits. 
If the two nibbles of data (four bits each) match, the data is 
transferred to the output data latch by VT and remains until 
new data replaces it. At the same time, the VT output pin is 
brought high and remains high until an error is received or 
until no input signal is received for four data periods (see 
Figure 10). 

Although the address information may be encoded in trinary, 
the data information must be either a 1 or 0. A trinary (open) 
data line is decoded as a logic 1 . 
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MC1 45028 

This decoder operates in the same manner as the 
MC1 45027 except that nine address lines are used and no 
data output is available. The VT output is used to indicate that 
a valid address has been received. For transmission security, 
two identical transmitted words must be consecutively 
received before a VT output signal is issued. 

The MC1 45028 allows 19,683 addresses when trinary 
levels are used. 512 addresses are possible when binary 
levels are used. 

PIN DESCRIPTIONS 
MG1 45026 ENCODER 

A1-A5, A6/D6-A9/D9 

Address, Address/Data Inputs (Pins 1-7, 9, and 10) 

These address/data inputs are encoded and the data is sent 
serially from the encoder via the Dout P'"- 

Rs, Ctc, Rtc 

(Pins 11, 12, and 13) 

These pins are part of the oscillator section of the encoder 
(see Figure 9). 

If an external signal source is used instead of the internal 
oscillator, it should be connected to the Rs input and the Rjc 
and Cjc P'ns should be left open. 

TE 

Transmit Enable (Pin 14) 

This active-low transmit enable input initiates transmission 
when forced low. An internal pull-up device keeps this input 
normally high. The pull-up current is specified in the Electrical 
Characteristics table. 

Dout 

Data Out (Pin 15) 

This is the output of the encoder that serially presents the 
encoded data word. 

vss 

Negative Power Supply (Pin 8) 

The most-negative supply potential. This pin is usually 
ground. 

Vdd 

Positive Power Supply (Pin 16) 

The most-positive power supply pin. 

MC145027 AND MC145028 DECODERS 

A1-A5,A1-A9 

Address Inputs (Pins 1-5) — MCI 45027, 

Address Inputs (Pins 1-5, 15, 14, 13, 12) — MC145028 

These are the local address inputs. The states of these pins 
must match the appropriate encoder inputs for the VT pin to 
go high. The local address may be encoded with trinary or 
binary data. 



D6-D9 

Data Outputs (Pins 15, 14, 13, 12) — MC145027 ONLY 

These outputs present the binary information that is on 
encoder inputs A6/D6 through A9/D9. Only binary data is 
acknowledged; a trinary open at the MCI 45026 encoder is 
decoded as a high level (logic 1). 

Din 

Data In (Pin 9) 

This pin is the serial data input to the decoder. The input 
voltage must be at CMOS logic levels. The signal source 
driving this pin must be dc coupled. 

Ri,C-i 

Resistor 1 , Capacitor 1 (Pins 6, 7) 

As shown in Figures 2 and 3, these pins accept a resistor 
and capacitor that are used to determine whether a narrow 
pulse or wide pulse has been received. The time constant Ri 
X C"! should be set to 1.72 encoder clock periods: 

R1 Ci = 3.95 Rtc Ctc 

R2/C2 

Resistor 2/Capacitor 2 (Pin 10) 

As shown in Figures 2 and 3, this pin accepts a resistor 
and capacitor that are used to detect both the end of a 
received word and the end of a transmission. The time 
constant R2 x C2 should be 33.5 encoder clock periods (four 
data periods per Figure 11): R2 C2 = 77 Rjc CjC- This time 
constant is used to determine whether the Djn pin has 
remained low for four data periods (end of transmission). A 
separate on-chip comparator looks at the voltage-equivalent 
two data periods (0.4 R2 C2) to detect the dead time between 
received words within a transmission. 

VT 

Valid Transmission Output (Pin 11) 

This valid transmission output goes high after the second 
word of an encoding sequence when the following conditions 
are satisfied: 

1 . the received addresses of both words match the local 
decoder address, and 

2. the received data bits of both words match 

VT remains high until either a mismatch is received or no 
input signal is received for four data periods. 

Vss 

Negative Power Supply (Pin 8) 

The most-negative supply potential. This pin is usually 
ground. 

Vdd 

Positive Power Supply (Pin 16) 

The most-positive power supply pin. 
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11 



-AAAr- 

Rs 



Ctc :^ 



Rtc: 



12 13 



H>-H> 



INTERNAL 
ENABLE 



J[DH>-H>-H>— 



This oscillator operates at a frequency determined by the external 
RC network; i.e., 



f = 



1 



- (Hz) 



2.3 Rtc Ctc' 

for 1 kHz < f < 400 kHz 
where: Ctc' = Ctc + ^layout + 1 2 pF 

Rs = 2 Rtc 

RS > 20 k 

Rtc ^ 10 k 

400pF<CTC<''5^F 



The value for Rs should be chosen to be > 2 times Rtc- 
This range ensures that current through Rs is insignificant 
compared to current through Rtc- The upper limit for Rs 
must ensure that Rs x 5 pF (input capacitance) is small 
compared to Rtc ^ Ctc- 

For frequencies outside the indicated range, the formu- 
la is less accurate. The minimum recommended oscilla- 
tion frequency of this circuit is 1 kHz. Susceptibility to ex- 
ternally induced noise signals may occur for frequencies 
below 1 kHz and/or when resistors utilized are greater 
than 1 Ma 



Figure 9. Encoder Oscillator Information 



ENCODER 



PWm 



^""lj: 



2 WORD TRANSMISSION 

CONTINUOUS TRANSMISSION 



ENCODER 

OSCILLATOR 

(PIN 12) 



Dout 
(PIN 15) 



^ ^ s SI s; 



? 52 <2 s gl 



-jinnnnn^jjinnnnnnnniinnnnnnijJM^^ 

, IST 9TH 1ST 9TH 

h— DIGIT -*\ h— DIGIT -*1 h— DIGIT -*\ \*— DIGIT —1 

I 

— 2ND WORD 1-* 



h— HIGH -H-- — OPEN— *H — LOW- 
U 1ST WORD 



: I 



VT 
(PIN 11) 



DATA OUTPUTS 



- ENCODING SEQUENCE - 



DECODER 



I 



n 



I 



I 1-1(R2C2) 
I 



Figure 10. Timing Diagram 
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ENCODER 

OSCILLATOR 

(PIN 12) 



Dout 
(PIN 15) 



ri_nj"i_rLri_rLrLrLn 



ENCODED I 
"ONE" 

ENCODED I I 
"ZERO" ' *- 



ENCODED r 
"OPEN" 



"U" 



n 



UT 



DATA PERIOD 



Figure 11. Encoder Data Waveforms 



cr 400 -- 



:o 300 -- 




100 -- 
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Clayout (PF) ON PINS 1-5 (MC145027); PINS 1-5 AND 12-15 (MC145028) 



Figure 12. fmax vs C|ayout — Decoders Only 
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NO 



DISABLE VT 

ON THE 1ST 

ADDRESS MISMATCH 



NO 



DISABLE VT 

ON THE 1ST 

DATA MISMATCH 



NO 




YES 



DISABLE 
VT 



Figure 13. MCI 45027 Flowchart 
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NO 




YES 




NO 



DISABLE VT ON THE 1ST 

ADDRESS MISMATCH 

AND IGNORE THE REST 

OF THIS WORD 



IS 

' THIS AT LEAST ' 

^THE 2ND CONSECUTIVE^ 

MATCH SINCE VT 

^DISABLE?^ 



NO 



ACTIVATE VT 




YES 



Figure 14. MC1 45028 Flowchart 
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MC145027 AND l\/IC145028 TIMING 

To verify the MC1 45027 or MC1 45028 timing, check the 
waveforms on C1 (Pin 7) and R2/C2 (Pin 10) as compared 
to the incoming data waveform on Djn (Pin 9). 

The R-C decay seen on C1 discharges down to 1/3 Vqd 
before being reset to Vdd- This point of reset (labelled "DOS" 
in Figure 15) is the point in time where the decision is made 
whether the data seen on D|n is a 1 or 0. DOS should not be 
too close to the Djp data edges or intermittent operation may 
occur. 



EOW 



OV ■ 



I 



I 




Figure 15. R-C Decay on Pin 7 (CI) 



R2/C2 



Vdd - pj-vrvrvrvrvnr^ 

2/3- 
1/3- 
OV— » 




EOT 



Figure 16. R-C Decay on Pin 10 (R2/C2) 

The other timing to be checked on the MCI 45027 and 
MC1 45028 is on R2/C2 (see Figure 16). The R-C decay is 
continually reset to Vqd ^s data is being transmitted. Only 
between words and after the end-of-transmission (EOT) does 
R2/C2 decay significantly from Vdd- FI2/C2 can be used to 
identify the internal end-of-word (EOW) timing edge which is 
generated when R2/C2 decays to 2/3 Vdd- The internal EOT 
timing edge occurs when R2/C2 decays to 1/3 Vdd- When 
the waveform is being observed, the R-C decay should go 
down between the 2/3 and 1/3 Vdd levels, but not too close 
to either level before data transmission on D|n resumes. 

Verification of the timing described above should insure a 
good match between the MCI 45026 transmitter and the 
MCI 45027 and MCI 45028 receivers. 




4-BIT 

BINARY 

DATA 



1 



"^^ 2.3RtcCtc' 
RiCi=3.95RtcCtC 
R2C2 = 77 RtcCtc 



CTC' = CTC + C|ayout + 12pF 

100pF<CTC^15nF 

RTC^10kn;Rs = 2RTC 

Rl>10kn 

Cl>400pF 

R2>100kQ 

C2 > 700 pF 



TRINARY 
ADDRESSES 



REPEAT OF ABOVE 



REPEAT OF ABOVE 



Example R/C Values (All Resistors and Capacitors are ±5%) 
(Ctc' = CtC + 20 pF) 



fosc(kHz) 


Rig 


Ctc 


Rs 


R1 


C1 


R2 


C2 


362 


10k 


120 pF 


20 k 


10k 


470 pF 


100 k 


910 pF 


181 


10k 


240 pF 


20 k 


10k 


910 pF 


100 k 


1800 pF 


887 


10k 


490 pF 


20 k 


10k 


2000 pF 


100 k 


3900 pF 


42.6 


10k 


1020 pF 


20 k 


10k 


3900 pF 


100 k 


7500 pF 


21.5 


10k 


2020 pF 


20 k 


10k 


8200 pF 


100 k 


0.015 jiF 


8.53 


10k 


5100 pF 


20 k 


10k 


0.02 ^iF 


200 k 


0.02 ^F 


1.71 


50 k 


5100 pF 


100 k 


50 k 


0.02 ^iF 


200 k 


0.1 nF 



Figure 17. Typical Application 
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APPLICATIONS INFORMATION 
INFRARED TRANSMITTER 

In Figure 18, the MC1 45026 encoder is set to run at an 
oscillator frequency of about 4 to 9 kHz. Thus, the time required 
for a complete two-word encoding sequence is about 20 to 
40 ms. The data output from the encoder gates an RC 
oscillator running at 50 kHz; the oscillator shown starts rapidly 
enough to be used in this application. When the "send" button 
is not depressed, both the MC1 45026 and oscillator are In a 
low-power standby state. The RC oscillator has to be trimmed 
for 50 kHz and has some drawbacks for frequency stability. 
A superior system uses a ceramic resonator oscillator running 
at 400 kHz. This oscillator feeds a divider as shown in Figure 
1 9. The unused inputs of the MC1 401 1 UB must be grounded. 

The MLED81 IRED is driven with the 50-kHz square wave 
at about 200 to 300 mA to generate the carrier. If desired, two 
IREDs wired in series can be used (see Application Note 
AN 101 6 for more information). The bipolar IRED switch, 
shown in Figure 18, offers two advantages over a FET. First, 
a logic FET has too much gate capacitance for the 
MCI 401 1 UB to drive without waveform distortion. Second, the 
bipolar drive permits lower supply voltages, which are an 
advantage In portable battery-powered applications. 

The configuration shown in Figure 18 operates over a supply 
range of 4.5 to 18 V. A low-voltage system which operates 
down to 2.5 V could be realized If the oscillator section of a 
MC74HC4060 Is used in place of the MC14011UB. The data 
output of the MCI 45026 Is Inverted and fed to the RESET pin 
of the MC74HC4060. Alternately, the MC74HCU04 could be 
used for the oscillator. 

Information on the MCI 401 1 UB is in book number DL1 31/D. 
The MC74HCU04 and MC74HC4060 are found in book 
number DL129/D. 

INFRARED RECEIVER 

The receiver in Figure 20 couples an IR-sensitive diode 
to input preamp A1 , followed by band-pass amplifier A2 with 
a gain of about 1 0. Limiting stage A3 follows, with an output 
of about 800 mVp-p. The limited 50 kHz burst is detected 
by comparator A4 that passes only positive pulses, and r 
peak- detected and filtered by a diode/RC network to extract 
the data envelope from the burst. Comparator A5 boosts 



the signal to logic levels compatible with the MC 145027/28 
data Input. The Djn pin of these decoders is a standard 
CMOS high-impedance input which must not be allowed 
to float. Therefore, direct coupling from A5 to the decoder 
input is utilized. 

Shielding should be used on at least A1 and A2, with good 
ground and high-sensitivity circuit layout techniques applied. 

For operation with supplies higher than +5 V, limiter A4's 
positive output swing needs to be limited to 3 to 5 V. This 
is accomplished via adding a zener diode in the negative 
feedback path, thus avoiding excessive system noise. The 
biasing resistor stack should be adjusted such that V3 Is 1 .25 
to_1.5 V. 

This system works up to a range of about 1 meters. The 
gains of the system may be adjusted to suit the individual 
design needs. The 100 Q resistor in the emitter of the first 
2N5088 and the 1 kH resistor feeding A2 may be altered If 
different gain Is required. In general, more gain does not 
necessarily result in increased range. This Is due to noise floor 
limitations. The designer should increase transmitter power 
and/or increase receiver aperature with fresnal lensing to 
greatly improve range. See applications note AN1016 for 
additional information. 

Information on the MC34074 is in data book DL128/D. 

TRINARY SWITCH MANUFACTURERS 

Midland Ross-Electronic Connector Div. 

617/491-5400 
Greyhill 

312/354-1040 
Augat/Alcoswitch 

617/685-4371 
Aries Electronics 

201/996-6841 

The above companies may not have the switches in a DIP. 
For more info, call them or consult EEM or Gold Book. Ask 
for SPOT with center OFF. 

Alternative: A SPST can be placed in series between a 
SPDT and the Encoder or Decoder to achieve trinary action. 

Motorola cannot recommend one supplier over another and 
in no way suggests that this is a complete listing of trinary 
switch manufacturers. 
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v+ 



SEND 



r 



TE 



9/ 



SWITCHES 



MCI 45026 

Rs 



Ctc 



Dout 



Rtc 



dp 1000 pF 



MC14011UB 



fO-O 



MC14011UB 



MLED81 



SELECT FOR 
200 mA TO 300 mA 



USEOF2MLED81S 
IS OPTIONAL 



10 kn 



<^ 



MPSA13 

OR 
MPSW13 



O-jtcO- 



I — VW — 4— -AAA^ — ' 

220 kn 1 00 kQ FOR APPROX. 4 kHz 

47ki^FORAPPROX.9kHz 




ADJUST/SELECT FOR 
f = 50 kHz (APPROX. 1 00 kfi) 



Figure 18. IRED Transmitter Using RC Oscillator to Generate Carrier Frequency 



MC14011UB 



iMn 

f-AAAr- 



470 pF : 



o 



XI 



470 pF :=p 



o 



MCI 4024 

CLK 03 

RESET 



50kHZTO 
" DRIVER 
TRANSISTOR 



XI = 400 kHz CERAMIC RESONATOR 
PANASONIC EFD-A400K04B 

OR EQUIVALENT ^.+1 I MC14011UB 



Dout 
FROM MC145026 



Figure 19. Using a Ceramic Resonator to Generate Carrier Frequency 
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1 mH - TOKO TYPE 7PA OR 10PA 
OR EQUIVALENT 




X 



390knFORAPPROX.4kHz 
1 000 pF 1 80 kn FOR APPROX. 9 kHz 

HI 1— VvAr-i 



T 

I 



+5V 



0.01 ^iF 



750 kQ FOR APPROX. 4 kHz 
360 kn FOR APPROX. 9 kHz 



4.7 kQ 



C1 
Din 
VPD VSS 



R1 
MCI 45027/28 



R2/C2 
VT 



+5V- 



T 



-/- 



_r^h_ 



DATA OUT 
MC145027ONLY 



-L. / 9FORMC145027 
5FORMC145028 



ADDRESS 
SWITCHES 



390 Q 



10 [iF 



2.2 kQ 



10 ^F 



lOfiF, 



2.7 kQ 



V2«2.7V 



V1«2.5V 



V3«1.3V 



Figure 20. Infrared Receiver 
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MOTOROLA COMMUNiCATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
Remote Control Encoder/ 
Decoder 

CMOS 

The MC1 45030 encodes and decodes nine bits of infornfiation, which allows 
512 different codes. 

The encoder section samples the 9-bit parallel address input, encodes the 
bits into Manchester Code, and sends the serial Information via the ENCout P"^- 
The address Is issued twice per encoding sequence; initialization occurs with 
a rising edge on ENC ENB. 

The decoder accepts serial information at the DECjn pin, and decodes the 
Manchester information. The decoded address is compared with the local 
address. If a match occurs, DECout toggles once per sequence. The active-high 
DRST input is used to clear DECout- 

The Status pin, when high, indicates the device is encoding. During decoding 
or standby, Status is low. 

• Applications: 

Cordless Phones and Half-Duplex Remote Control 

• Interfaces with RF, Ultrasonic, or Infrared Modulators and Demodulators 

• Operating Temperature Range: - 40 to 85°C 

• Operating Voltage Range: 2 to 6 V 

• Standby Supply Current: 20 ^lA Maximum @ 2.0 V 

• Operating Supply Current: 700 )iA Maximum @ 2.5 V 

• Address Inputs Have On-Chip Pull-Up Devices 

• RC Oscillator, No Crystal Required 

• On-Chip Amplifier in Decode Section 

• Power-On Reset Forces DECout Low and Initializes the Decoder 

and Encoder Sections 

• See Application Notes AN1016 and AN 11 26 and Article Reprint AR^55 

BLOCK DIAGRAM 



OSCjn OSCouti OSCout2 
20 1 19| 18| 



ENCODE 
ENABLE - 
(ENC ENB) 



OSCILLATOR WITH 
ENABLE AND DIVIDER 

=1 



TZE 



> ENCODE CONTROL 



A° — k 

A1 T 

A3 1 

A4 1- 

A6 1 

A7 f 

A8 ^ 



DECODER IN 
(DECin) 

DECODER 
RESET - 
(DRST) 



12 



ADDRESS 
GENERATOR 




U^J^ 



MCI 45030 



1 


j P SUFFIX 

PLASTIC DIP 
CASE 738 


1 


DW SUFFIX 

SOG 
CASE 751 D 


ORDERING INFORMATION 


MC145030P 
MC145030DW 


Plastic DIP 
SOG Package 



PIN ASSIGMENT 


A0[ 


1» 20 


] OSCin 


A8[ 


2 19 


] OSCouti 


A1[ 


3 18 


] OSCout2 


A2[ 


4 17 


].vss 


A3[ 


5 16 


] ENCout 


A4[ 


6 15 


] DECout 


A5[ 


7 14 


IVdd 


A6[ 


8 13 


Idrst 


A7[ 


9 12 


] DECin 


ENC ENB [ 


10 11 


] STATUS 









MANCHESTER 
ENCODER 



POWER-ON RESET 



MANCHESTER 
DECODER 



ADDRESS 
COMPARATOR 



Q. 



TOGGLE 
FLIP-FLOP 



-*- STATUS 

5 ENCODER OUT 
(ENCout) 

PIN14 = Vdd 
PIN17 = Vss 



DECODER OUT 
(DECout) 



This document contains information on a new product. Specifications and information lierein are subject to change without notice. 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


vdd 


DC Supply Voltage 


-0.5 to + 7.0 


V 


Vin 


DC Input Voltage 


- 0.5 to Vdd + 0.5 


V 


Vout 


DC Output Voltage 


-0.5 to Vdd + 0.5 


V 


lin 


DC Input Current, per Pin 


±10 


mA 


'out 


DC Output Current, per Pin 


+ 10 


mA 


'dd 


DC Supply Current, Vqd and Vss P'f^s 


±30 


mA 


Pd 


Power Dissipation, per Packaget 


500 


mW 


Tstg 


Storage Temperature 


-65 to 4- 150 


°C 


Tl 


Lead Temperature (1 0-Second Soldering) 


260 


^'C 



This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, pre- 
cautions must be taken to avoid applica- 
tions of any voltage higher than maximum 
rated voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and Vout 
should be constrained to the range Vss ^ 
(Vin or Vout) ^ Vdd- 

Except for the Address Inputs, unused 
inputs must always be tied to an appropri- 
ate logic voltage level (e.g., either Vss or 
Vdd)- The Address inputs maybe left open; 
see Pin Descriptions. Unused outputs must 
be left open. 



* Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits in the Electrical Characteristics tables 
or Pin Description section. 

t Power Dissipation Temperature Derating: - 12 mW/°C from 65 to 85°C 

ELECTRICAL CHARACTERISTICS (Ta = 25°C, Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


Guaranteed 
Limit 


Unit 


Vdd 


Power Supply Voltage Range 




- 


2.0 to 6.0 


V 


V|L 


Maximum Low-Level Input Voltage (Except DECjn) 




2.5 
6.0 


0.3 
1.2 


V 


V|H 


Minimum High-Level Input Voltage (Except DECjn) 




2.5 
6.0 


1.9 

4.5 


V 


Vsig 


Minimum Output Voltage of Signal Source Driving DECjn 


Square-Wave Source 
See Figure 1 


2.5 
6.0 


200 
200 


mVp.p 


Vol 


Maximum Low-Level Output Voltage 


lout = OnA 
lout = 0.4 mA 


2.5 


0.15 
0.4 


V 


lout=OnA 
lout = 1 .0 mA 


6.0 


0.15 
0.4 


VOH 


Minimum High-Level Output Voltage 


lout = OHA 
lout = - 0.4 mA 


2.5 


2.35 
2.0 


V 


lout=O^A 
lout = - 1-0 mA 


6.0 


5.85 
5.5 


■in 


Maximum Input Current DECjn 
ENC ENB, DRST, OSCjn 


Vin = Vdd or Vss 


6.0 


±60 
±0.3 


ha 


l|H 


Maximum High-Level Input Leakage Current A0-A8 


Vin = Vdd 


6.0 


0.3 


VlA 


l|L 


Maximum Low-Level Pull-Up Current A0-A8 


Vin = Vss 


6.0 


-100 


ma 


lOZ 


Maximum Three-State Leakage Current ENCout 


Vout = Vdd or Vss 


6.0 


±500 


nA 


Idd 


Maximum Quiescent Supply Current 


Device in Standby Mode 
Vin = Vss or Vdd for ENC 

ENB, DECjn, DRST, 

OSCjn 
Vjn = Vss. Vdd. or Open for 

A0-A8 
lout=OnA 


2.0 
6.0 


20 
100 


HA 


'dd 


Maximum RMS Operating Supply Current 


Oscillator Frequency = 500 kHz 
Vjn = Vss or Vdd for ENC 

ENB, DECjn, DRST, 

OSCjn 
Vjn = Vss. Vdd. or Open for 

A0-A8 
lout=O^A 


2.5 
6.0 


700 
2500 


UA 
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AC ELECTRICAL CHARACTERISTICS (Ta = 25°C, Cl = 50 pF, Vqd = 2.5 to 6 V unless otherwise stated) 



Symbol 


Parameter 


Figure 

# 


Vdd 

V 


Guaranteed 
Limit 


Unit 


fosc 


Maximum Oscillator Frequency {= 50% Duty Cycle)* 


2 


— 


500 


kHz 


tPLH. 
tPHL 


System Propagation Delay, ENC ENB (of an encoding device) to 
DECout (of a decoding device) 


3,5 


— 


384-608 


CSC Cycles 


td 


Debounce Time, ENC ENB (guarantees 1 encoding sequence) 




- 


608 


CSC Cycles 


tw 


Minimum Input Pulse Width, ENC ENB or DRST 


4 


2.5 
6.0 


200 
80 


ns 


Cin 


Maximum Input Capacitance 




- 


10 


pF 



See Pin Descriptions and Application Example for component tolerances. 



5ki2 




AAAr 




OSCout2 



1/fos 



_J^^\^ 



Vh 



-vl 



Figure 1. Decoder Input Sensitivity Test 



Figure 2. Switching Waveform 



ENC ENB 
(ENCODING CHIP) 



■Vdd 



50% 
tPLH. tpHL 



DECput 
(DECODING CHIP) 



A!l 



-vss 

— Vh 

— Vl 



ENC ENB 

OR 

DRST 



50% 



\ 



-Vdd 
■Vss 



Figure 3. Switching Waveforms 



Figure 4. Switching Waveform 



DEVICE 
UNDER 
TEST 



TEST POINT 
Q 



OUTPUT 



^ Cl* 



'Includes all probe and fixture capacitance. 
Figures. Test Circuit 
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PIN DESCRIPTIONS 

INPUT PINS 

A0-A8 

Local Address Inputs (Pins 1, 3-9, 2) 

These binary inputs provide the address for both the 
encoder and decoder; 512 addresses are possible. The local 
address is sent serially from ENCout with 2 sync bits 
appearing first, followed by AO. The decoder compares the 
local address with the received address stream. 

On-chip pullup devices are provided on the address inputs 
to facilitate interface to SPST switches or jumpers to Vss- 
During standby, A0-A8 are in the high-impedance state (i.e., 
the pull-up devices are inactive to minimize standby power 
consumption). 

The inputs are left open (or tied to Vdd) ^or ^ high level 
and tied to Vss ^or a 'ow level. 

ENC ENB 

Edge-Sensitive Encode Enable (Pin 10) 

A low-to-high transition on this pin aborts any decoding 
sequence in progress and initiates an encoding sequence. 
This input is debounced 608 oscillator cycles. See Figures 
8 and 9. 

DECin 

Decoder In (Pin 12) 

Decoder In is the input to the on-chip amplifier. The 
incoming signal is usually capacltively-coupled to this pin. 
Direct coupling may be used if the signal level is rail-to-rail 
(Vss to Vdd). 

DRST 

Level-Sensitive Decoder Reset (Pin 13) 

When this input is taken high, DECout 'S cleared to a low 
level. This pin may be used to override a response from a 
DECjn data stream. 

OUTPUT PINS 

STATUS 

Encode/Decode Status (Pin 11) 

This pin is high during the encoding sequence and low 
during decoding or idle. 

When Status Is low, the ENCout P'fi is in the high- 
impedance state. 



DECout 

Toggle Flip-Flop Decoder Output (Pin 15) 

The encoder sends the same address twice to complete 
a sequence. If one or both of the decoded addresses matches 
the local address, DECout toggles once per sequence (unless 
overridden by DRST). See Figures 6 and 7. 

ENCout 

Three-State Encoder Output (Pin 16) 

This is the serial output of the Manchester-encoded local 
address. AO appears before A8 in the bit stream. The local 
address is sent twice to complete a sequence which is 
initialized by ENC ENB. When a sequence is complete, 
ENCout returns to the high-impedance state. See Figures 8 
and 9. 

OSCILLATOR PINS 

OSCin,OSCout1,OSCout2 

Oscillator Input, Oscillator Outputs 1/2 (Pins 20, 19, 18) 

As shown In Figure 10, these pins are used in conjunction 
with external resistors and a capacitor to form an oscillator. 
Polystyrene or mylar capacitors are recommended. Sus- 
ceptibility to externally induced noise signals may occur if 
resistors utilized are greater than 1 MQ. See Figure 10 for 
component tolerances. 

When the on-chip oscillator is used, the frequency may be 
up to 500 kHz. The oscillator is active only during encoding 
or decoding. 

When an external frequency source is used to drive OSCjn, 
OSCoutI and OSCout2 ^^V be left floating. The signal applied 
to OSCin should swing rail-to-rail and may be dc to 500 kHz. 

POWER SUPPLY PINS 

Vss 

Negative Power Supply (Pin 17) 

This pin Is the negative supply potential and is usually 
ground. 

Vdd 

Positive Power Supply (Pin 14) 

This pin is the positive supply potential and may range from 
+ 2 to + 6 V with respect to Vss- 



COMPLETE DECODING SEQUENCE- 



SYNC 
BITS 



II 



INITIAL 
ADDRESS 



TRAILING SYNC 
BIT BITS 

Ui !l 



TRAILING 
REPEATED BIT 

ADDRESS I I I 



DECin 



Hi A0-A8 jj Hi AQ-AQ M r 



DECout < 



X 



Figure 6. Decoder Timing Diagram 



INITIAL ADDRESS = MATCH, 
REPEATED ADDRESS = DON'T CARE 



INITIAL ADDRESS = UNMATCH, 
REPEATED ADDRESS = MATCH 



BOTH ADDRESSES UNMATCHED 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



DO NOT START 
OSCILUTOR 




NO 



I YES 




NO 



NO 




NO 



NO 



TOGGLE 

DECODER OUT 

PIN 



8-BIT-FRAME 
PAUSE 



INITIALIZE 
DECODER 



Conditions: 
Encode Enable = Low, High, or i 
Decoder Reset = Low 



Figure 7. Decoder Flowchart 
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DISABLE DECODER, SET STATUS PIN HIGH, 

ENCODER OUT PIN: HIGH Z -> LOW LEVEL, 

START OSCILLATOR, IGNORE ENCODE ENABLE INPUT 



12-BIT FRAME 
DELAY 



SAMPLE ADDRESS 

INPUTS, 

ISSUE ENCODED 

ADDRESS 



2-BIT FRAME 
PAUSE 



RE-ISSUE 
ENCODED 
ADDRESS 



1.5-BIT FRAME 
PAUSE 



STOP OSCILLATOR, RESET STATUS PIN LOW, 

ENCODER OUT PIN: LOW LEVEL -> HIGH Z, 

DECODER READY, ENCODER READY 



Figure 8. Encoder Flowchart 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



o 

DO 

O 



o 
o 

c 

Z 

o 
> 



03 
D 

m 

< 
o 
m 
o 

I 



ENCENB 



■ COMPLETE ENCODING SEQUENCE - 



ENCout 



o 

a 

(D 



o 
S' 

5 

3 



^t 



I 12-BIT 
FRAME 
I DELAY 



- ENCODED ADDRESS • 



1st I 2nd I AO I A1 I A2 I A3 I A4 I A5 I A6 I A7 I A8 I 



HIGH 
IMPEDANCE 



SYNC|SYNC| LOW | LOW| HIGH | HIGH | HIGH | LOW | HIGH | LOW | LOW 
B'T I BIT 1 1^ I II I II I I 

/ ^^ TRAILING BIT 

/ ""^^ 2-BIT 

/ ^^ FRAME 

^v^ PAUSE 



J 



- ENCODED ADDRESS (REPEATED)- 



M 



1st I 2nd I AO I A1 I A2 I A3 I A4 I A5 I A6 1 A7 A8 I 
ISYNC I SYNC I LOW | LOW | HIGH | HIGH j HIGH | LOW j HIGH | LOW | LOW | 
I B'n B'T I I J L, I I I I I I 

^^ ^^ TRAILING BIT -" 



1.5-BIT 
FRAME- 
PAUSE 



ENCout I 



^ 



ENC^, 



r 



■^ 



HIGH IMPEDANCE—" 



oscoutztlflllllUlRJinJWRRJ^^ osco^pjUqjqjjjljjqjTL^^ 



BIT FRAME 
(ENCODED LOW LEVEL) 



BIT FRAME 
(ENCODED HIGH LEVEL) 



r Ol 

^ o 

00 CO 

Cd o 




EXAMPLE R/C VALUES 











ENCODE ENABLE 


*osc 








SWITCH DEBOUNCE 


(APPROX.) 


R1 


R2 


C 


TIME (APPROX.) 


452 kHz 


30 kQ 


5.6 kQ 


100 pF 


1.3 ms 


220 kHz 


47 kQ 


10 kQ 


100 pF 


2.8 ms 


70 kHz 


47 kn 


10 kQ 


510 pF 


8.7 ms 


4.1 kHz 


330 kQ 


47 kQ 


2200 pF 


148 ms 



! I 



REPEAT 

OF 
ABOVE 



REPEAT 

OF 
ABOVE 



GUIDELINES: 100pF<C<0.1 ^F 
2(R2)<R1<10(R2) 
10kQ<R2<500kQ 
R1 < 1 MQ 

The maximum oscillator frequency difference allowable from encoding IC to decoding IC is + 11%. The ambient temperature and 
supply voltage differences between ICs affect this frequency difference. Therefore, the tolerances of the frequency-determining 
components R2 and C are determined by the rule of thumb: 

^^g^g [AR2 + AC +Af ic+Aftemp+Afsup] ^±11 %. 

R2 = tolerance of R2 in percent 
C = tolerance of C in percent 
f|C = IC frequency variation from part to part (expected value: ± 4%) 
^temp = 'C frequency variation over temperature (expected value: ± 2% @ 25°C + 40°) 
fsup = IC frequency variation with supply (expected value: ± 2% @ 5 V ± 0.5 V) 
For the above variances: [AR2 + AC + (± 4%) + (± 2%) + (± 2%)] < ± 1 1 % 

[AR2 + AC]<±3% 
Choose R2 with a ± 1 % tolerance and C2 with a ± 2% tolerance. R1 may be ± 5%. 



Figure 10. Application Example 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
Encoders and Decoders 

CMOS 

For remote control devices, the MC1 45031/34 function as encoders and tine 
MC1 45032/35 function as decoders. The MC1 45033 functions as both an encoder 
and a decoder. 

The encoders convert parallel address and data inputs into the Manchester code 
format and output the information serially via the D0-D3 pins. 

The decoders revert the serial Manchester-coded Input back into binary and 
compare the incoming address with local one. If both addresses match, a valid 
data output (VD) signal is asserted and the proper data appears at the Dout P'^- 

The difference between the MC1 45031/2 and MCI 45034/5 is the VD output 
pin. The VD output of the MC1 45031/2 is a toggle function while the MCI 45034/5 
is a "one shot" valid address output pulse if a correct data sequence and matched 
address are received. 

The MCI 45033 encoder/decoder has a status output. The status pin, when high, 
indicates the device is encoding. During decoding or standby, status is low. 

• Typical Applications: Remote Control, Security Systems, and Keyless Entry 

• Manchester Coding 

• RC Oscillator, No Crystal Required 

• Binary Address and Data Inputs 

• Two-Word Transmit Sequence 

• Built-in Input Data Amplifier 

• Schmitt-Trigger Serial Input for Excellent Noise Immunity 

o Code Break Output with Adjustable Error Code Transmission Time Window 

• Operating Voltage Range: 2 to 6 V 

• Operating Temperature Range: -40 to +85°C 

• MCI 45031 Encoder/MCI 45032 Decoder Pair: 13 Address and 

4 Data Lines or 17 Address Lines 

• MCI 45033 Encoder/Decoder: 15 Address Lines 

• MCI 45034 Encoder/MCI 45035 Decoder Pair: 13 Address and 

4 Data Lines or 17 Address Lines 

• Address/Data Inputs have On-Chip Pull-Up Devices 

• See Application Note AN 11 26 



MCI 45031 
MCI 45032 
MCI 45033 
MCI 45034 
MCI 45035 




DW SUFFIX 

SOG 
CASE 751 F 



ORDERING INFORMATION 

MC145031DW SOG Package 

MC145032DW SOG Package 

MC145033DW SOG Package 

MC145034DW SOG Package 

MC145035DW SOG Package 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM OF MCI 45031/32/33/34/35 



0SC-R1 0SC-R2 OSC-C 

I L 



OSCILLATOR 
WITH ENABLE 
AND DIVIDER 



TxEN . 
(MC145031/33/34ONLY) 



ADDRESS/DATA 



ENCODER CONTROL 

T" 



ADDRESS/DATA 
GENERATOR 



MODE. 
(MC145032/35 ONLY) 



RxD. 
(MC145032/33/35 ONLY) 

RESET 
(MC145032/33/35 ONLY) ' 

Ce. 

(MC145032/33/35 ONLY) 



AM£>- 



MANCHESTER 
ENCODER 



POWER 

ON 
RESET 



MANCHESTER 
DECODER 



COMPARATOR 

/WINDOW 
GENERATOR 



PIN28 = Vdd 
PIN27 = Vss 



MONO- 
STABLE 
OSC. 



FLIP 
FLOP 



STATUS 
(MC145033ONLY) 



Dout 
(MC145031/33/34ONLY) 



. VD 
(MC145032/33/35ONLY) 



DATA 
OUTPUT 



DATA 
D0-D3 
(MC145032/35ONLY) 



CB 
■ (MC145032/33/35ONLY) 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



PIN ASSIGNMENTS 



MC145031 ENCODER 



MC145032 DECODER 



MC145033 ENCODER/DECODER 



AO [ 


1 • 


28 


]Vdd 


A0[ 


1 • 


28 


]Vdd 


A1 [ 


2 


27 


]vss 


A1[ 


2 


27 


]vss 


A2[ 


3 


26 


] 0SC-R2 


A2[ 


3 


26 


] 0SC-R2 


A3[ 


4 


25 


] OSC-C 


A3[ 


4 


25 


] OSC-C 


A4 [ 


5 


24 


] 0SC-R1 


A4[ 


5 


24 


] 0SC-R1 


A5[ 


6 


23 


]NC 


A5[ 


6 


23 


]VD 


A6[ 


7 


22 


]nc 


A6[ 


7 


22 


]CB 


A7[ 


8 


21 


] NC 


A7[ 


8 


21 


] RxD 


A8[ 


9 


20 


] NC 


A8[ 


9 


20 


] RESET 


A9[ 


10 


19 


]Dout 


A9[ 


10 


19 


]MODE 


A10 [ 


11 


18 


]TxEN 


A10 [ 


11 


18 


]Ce 


A11 [ 


12 


17 


] A16/D3 


All [ 


12 


17 


] A16/D3 


A12 [ 


13 


16 


] A15/D2 


A12 [ 


13 


16 


] A15/D2 


3/DO [ 


14 


15 


] A14/D1 


A13/D0 [ 


14 


15 


] A14/D1 



AO [ 


1 • 


28 


]vdd 


A1[ 


2 


27 


]vss 


A2[ 


3 


26 ] 0SC-R2 


A3[ 4 


25 


] OSC-C 


A4[ 


5 


24 ] 0SC-R1 


A5 [ 6 


23 


] VD 


A6 [ 7 


22 ] CB 


A7[ 8 


21 ] RxD 


A8[ 


9 


20 


] RESET 


A9 [ 10 


19 


]Dout 


A10 [ 11 


18 


] TxEN 


All [ 12 


17 


]Ce 


A12 [ 13 


16 


] STATUS 


A13 [ 


14 


15 


] A14 



MC145034 ENCODER 



MCI 45035 DECODER 



AO [ 


1 • 


28 


]Vdd 


A1 [ 


2 


27 


]vss 


A2[ 


3 


26 


] 0SC-R2 


A3[ 


4 


25 


] OSC-C 


A4[ 


5 


24 


] 0SC-R1 


A5[ 


6 


23 


]NC 


A6[ 


7 


22 


]nc 


A7[ 


8 


21 


]NC 


A8[ 


9 


20 


] NC 


A9[ 


10 


19 


]Dout 


A10 [ 


11 


18 


]TxEN 


All [ 


12 


17 


] A16/D3 


A12 [ 


13 


16 


] A15/D2 


A13/D0 [ 


14 


15 


] A14/D1 




A13/D0 [ 



NC = No Connection 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to +0.7 


V 


V|n 


DC Input Voltage 


-0.5 to Vdd +0-5 


V 


Vout 


DC Output Voltage 


-0.5 to Vdd +0.5 


V 


■in 


DC Input Current, per Pin 


±10 


mA 


'out 


DC Output Current, per Pin 


±10 


mA 


'dd 


DC Supply Current, Vqd and Vss Pins 


±30 


mA 


Pd 


Power Dissipation, per Packaget 


500 


mW 


"stg 


Storage Temperature 


-65 to +150 


°C 


Tl 


Lead Temperature (10-second soldering) 


260 


°C 



This device contains protection circuitry to 
guard against damage due to high static volt- 
ages or electric fields. However, precautions 
must be taken to avoid application of any volt- 
age higher than maximum rated voltages to 
this high impedance circuit. For proper opera- 
tion, Vjn and Vout should be constrained to the 
range Vss ^ (Vin c Vout) ^ Vdd- 

Except for the Address inputs, unused in- 
puts must always be tied to an appropriate log- 
ic voltage level (e.g., either Vss or Vdd)- The 
Address inputs may be left open, see Pin De- 
scriptions. Unused outputs must be left open. 



* Maximum Ratings are those values beyond which damage to the device may occur. 
t Power Dissipation Temperature Derating: -12 mW/°C from 65°C to 85°C 

ELECTRICAL CHARACTERISTICS (Ta = -40 to +85°C, Cl = 50 pF, Vdd = 2.5 to 6 V unless othenwise stated) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


Guaranteed 
Limit 


Unit 


Vdd 


Power Supply Voltage Range 




— 


2.0 to 6.0 


V 


V|L 


Maximum Low-Level Input Voltage Except RxD 




2.5 
6.0 


0.3 
1.2 


V 


V|H 


Minimum High-Level Input Voltage Except RxD 




2.5 
6.0 


1.9 
4.5 


V 


Vol 


Maximum Low-Level Output Voltage 


lout = OnA 
lout = 0.4 mA 


2.5 


0.15 
0.4 


V 


lout = 0^lA 
lout=1-0mA 


6.0 


0.15 
0.4 


VOH 


Minimum High-Level Output Voltage 


lout = O^A 
'out = -0.4 mA 


2.5 


2.35 
2.0 


V 


iout = OHA 
lout = -1-0mA 


6.0 


5.85 
5.5 


lin 


Maximum Input Current RxD 
TxEN, RESET, 0SC-R2 


Vin = Vdd or Vss 


6.0 


±80 
±0.3 


^lA 


l|H 


Maximum High-Level Input Leakage Current A0-A16 


Vin = Vdd 


6.0 


0.3 


^A 


l|L 


Maximum Low-Level Pull-Up Current A0-A16 


Vin = Vss 


6.0 


-100 


^lA 


lOZ 


Maximum Three-State Leakage Current Dout 


Vout = Vdd or Vss 


6.0 


±500 


nA 


'dd 


Maximum Quiescent Supply Current (per Package) 


Device in Standby mode, 
Vin = Vdd or Vss for TxEN, 

Decoder in, RESET, 

0SC-R2. 
Vin = Vss Vdd. or open for 

A0-A16. 
lout = O^A 


2.5 
6.0 


25 
100 


HA 


'dd 


Maximum RMS Operating Supply Current (per Package) 


Oscillator Frequency 

= 500 kHz. 
Vin = Vss or Vdd for TxEN, 
RESET. 0SC-R2. 
Vin = Vss Vdd. or open for 

A0-A16. 
lout = O^A 


2.5 
6.0 


700 
2500 


^A 


lOL 


Code Break Sink Current CB 






5 


mA 


Vin 


Minimum RxD Input Level For Decoder 


Square wave, see Figure 1 


6.0 


200 


mVp-p 



MC1 45031 -MCI 45032*MC1 45033*MC1 45034.MC1 45035 
2-488 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AC ELECTRICAL CHARACTERISTICS (Ta = 25°C, Cl = 50 pF, Vpo = 2.5 to 6 V unless otherwise stated) 



Symbol 


Parameter 


Figure # 


Vdd 

V 


Guaranteed 
Limit 


Unit 


fosc 


Maximum Oscillator Frequency (50% Duty Cycle) 


2 


— 


500 


kHz 


td 


Debounce Time, TxEN (guarantees 1 encoding sequence) 




— 


500 


OSC 
cycles 


tw 


Minimum Input Pulse Width, TxEN or RESET 


3 


2.5 
6.0 


200 
80 


ns 


Cin 


Maximum Input Capacitance 




— 


10 


pF . 



vsig 




0SC-R1 



• 1/foj 



50% 



^ / 



•Vh 
vl 



Figure 1. Decoder In Sensitivity Test 



Figure 2. Switching Waveform 



TxEN 

OR 

RESET 



50% 



\ 



Vdd 
Vss 



Figure 3. Switching Waveform 



GENERAL DESCRIPTION 
ENCODER 

The encoder circuit encodes the parallel binary input 
address/data into Manchester code and outputs the informa- 
tion serially. 

Each transmitted word is preceded by a two-bit dead time 
interval. Once the TxEN (transmit enable) pin is triggered by 
a high level, a two-word transmit sequence following a 12-bit 
preamble is serially output at the Dout terminal. The transmit 
sequences repeat continuously if TxEN remains high. The 
minimum is one complete sequence; if TxEN goes low, the 
transmission continues until the end of the current transmit 
sequence. 

The data rate is set at one eighth of the system clock, which 
is an RC oscillator. 

One transmission cycle comprises: 

1. 12-bit preamble 

2. 2-bit dead time interval 

3. First word 

4. 2-bit dead time interval 

5. Second word 

One transmitted word consists of: 

1. 2 start bits 

2. The address/data bits 

3. 2 stop bits 



DECODER 

The decoder circuit accepts a serial Manchester-coded 
input at the RxD pin. The data stream is then decoded and 
compared with the local address set by the parallel address 
inputs. When a correct transmit sequence (two identical 
words) is received and the Incoming address matches the 
local one, the valid data (VD) output on the MC1 45035 goes 
high and the decoded data may then be read at the Data 
outputs (D0-D3) if the Mode pin is high (see the Mode pin 
description). VD remains high unless an erroneous address/ 
data is detected or the transmit sequence is terminated. 

For the M0 1 45032 and MCI 45033, the VD output is a toggle 
function. That is, VD changes state once each time a valid 
sequence of bits is received. If needed, VD can be reset to 
a low level via the Reset pin. 

If the decoder detects an error in the incoming transmit 
sequence, a time window is opened at the end of that 
sequence. If two consecutive erroneous transmit sequences 
are received within that window, the code break (CB) output 
goes low until the window's duration is over. During the opened 
window, the CB output can be reset by either the reset input 
or a correct transmit sequence that follows. The window 
duration is controlled by an external capacitor connected to 
pin Ce- The duration of the CB output is equal to TB, which 
is half of error window time constant TE. 
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PIN DESCRIPTIONS 

vdd 

Power Supply (Pin 28) 

Power supply. This pin may range from +2 to +6 V with 
respect to Vss- 

vss 

Ground (Pin 27) 

Power supply ground. 

TxEN 

Transmit Enable (Pin 18)— MC74503 7/33/34 Only 

A low-to-high transition on the Transmit Enable pin initiates 
a transmit sequence. Transmission is continuous If TxEN re- 
mains high. 

Dout 

Data Out (Pin 19)— MC74503 7/33/34 Only 

Three-state encoder output. It serially outputs the Man- 
chester-coded transmit data, when initiated by TxEN. 

VD 

Valid Address Output (Pin 23) 

MC145032/33 Only: This "toggle" output changes state 

whenever a correct transmit sequence is received and the 

address matches the local one (see Figure 4). A high level 

on VD can be cleared by either a correct transmit sequence 

that follows or the RESET input. 



VALID 



RECEIVED — 
SEQUENCES 



VD OUTPUT 
(TOGGLE) 



CB 

Code Break (Pin 22y-MC1 45032/33/35 Only 

Decoder code-break open-drain output. CB goes low if two 
additional consecutive erroneous transmit sequences follow- 
ing the 1 St error have been received within the window set 
by external capacitor Ce- While in an active state, it can be 
cleared by the RESET input. 

An external PNP transistor may be utilized to charge up the 
Ce (timing capacitor) to disable the low frequency oscillator. 
As a result, the TB counter stops. In this case, the CB output 
remains activated until a "reset" signal is applied to reset the 
Ce flip-flop (see Figures 6 and 7). 



ERROR CODE 
DETECTOR 



L-dS, 



CrQH 



VD 



l-KF 



I 



RESET 



^C * 



Figure 6. One Shot VD Output Circuit (IVICI 45035) 



Figure 4. Valid Address Output Tinning 
(MCI 45032 and IVIC1 45033) 

MC145035 Only: VD goes high If, and only if, a correct 
transmit sequence is received and the address matches the 
local one. The VD output remains high unless an erroneous 
address/data is detected or the transmit sequence is 
terminated. The minimum duration of VD is guaranteed by an 
external RC. See Figures 5 and 7. 



VALID 

RECEIVED 

SEQUENCES 



-a 



VD OUTPUT 
(ONE SHOT) 



_n_ 



PULSE WIDTH 
ADJUSTED 
VIA EXT. RC 



rL_n_ 



Figure 5. Valid Address Output Timing (MC145035) 



RESET 

Reset (Pin 20) 

MC145032/33 Only: A positive pulse on this pin resets the 

CB output and VD output. 

MC145035 Only: A positive pulse on this pin resets the CB 
output and the VD output. Its resets VD only when there is 
no RxD received (see Figure 7). 



+V 
1.0 kn 

: 10 kQ 



_D S Q 1 |_1 

r-C pQ-J i 



FROM 



BREAK 
DETECTOR 



R ' 



CB 



K 



CODE BREAK 



CODE _ WINDOW 



GENERATOR 



TB 



^< 



100 n I 



SCHMITT 

TRIGGER 

LOWFREQ.OSC. 



^ Ce 



RESET 



I I 



Figure 7. Code Break Window Control 
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COUNTER R ESET 



TC 

r" 



o 



SCHMin 
TRIGGER 



COUNTER 
DIVIDE-BY-128 



ERROR CODE. 
DETECTED 



1st ERROR CODE , 
DETECTED 



COUNTER RESET 



COUNTER 
DIVIDE-BY-256 



TE 



l_D Q 
r-|c rQH 



"D" 



J 



CB 



'^ 




RESET 



D S Q 
C R Q 



ERROR CODE 
COUNTER 



ERROR WINDOW 



Figure 8. Error Window TE and Code Break Window Generator TB 



A0-A12 and A13/D0-A16/D3 

Address Inputs (Pins 1-17) 

MCI 45031/31/34/35 Only: Bidirectional address/data pins. 

These pins form a binary Input port during encoding. The pins 

become a three-state data output during decoding If the Mode 

pin Is tied to Vdd- 

MC145033 Only: Binary address inputs. These pins form a 

binary input port during the encoding sequence. These Inputs 

become the local address during the decoding sequence. 

STATUS 

Encode/Decode Status (Pin 16) 

MC145033 Only. This pin is high during the encoding 

sequence and low during decoding or idle. When Status Is 

low, the Dout pin 's In a high-impedance state. 

RxD 

Serial Data Input (Pin 21) 

MCI 45032/33/35 Only. Serial data Input to the Manchester 

decoder. Minimum encoded data signal level Is 200 mVp-p 

(see Figure 9). 



RxD 



INPUT |£ 

DATA ~~ 

EXTERNAL 

AC 
COUPLING 



l>H> 



DATA 
AMPLIFIER 



SCHMin 
TRIGGER 



MANCHESTER 
DECODER 



I . I 



Figure 9. RxD Pin Coupling 



OSC-R2,OSC-R1,OSC-C 
Oscillator (Pins 26, 24, and 25) 

The oscillator frequency Is determined by the external RC 
network (see Figure 1 0). There is only a 4% change in system 
oscillating frequency as the supply voltage varies from 2 to 
6V. 

The encoder system oscillating frequency can be varied 
±10% with reference to decoder system oscillator frequency 
for valid detection. 



R2 

--VSAr- 



JLC 



0SC-R2 



OSC-C 



i3 — D>- 



R1 

-W/Sr- 



^ 



0SC-R1 



-O OSC ON /OFF CONTROL 



f = i§ (Hz) 

for f< 150 kHz Where R2=2R1 

The system oscillating frequency is eight times the encoded data rate. 

Figure 10. RC Oscillator 

MODE 

Mode Select Input (Pin 19) 

MCI 45032/35 Only This pin defines the A13/Da-A16/D3 

lines to be address or data lines. It Is internally pulled high. 

L=Address Lines 

H=Data Lines 
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TWO ERROR WORDS RX 



INVALID 
WORD Rx 



-O^KX>0 



H 



ERROR WINDOW 
EXTEND 



TE 



|-^256Tc— *^ 



CB 



1 r 

I I 

I 128 Tc' 



Figure 11 . Error Window and CB Output Timing 



Ce 

External Capacitor 

(Pin 18— l\1C145032/35; Pin 17— IViCI 45033) 

Error window duration control input. The built-in Schmitt 
trigger oscillator frequency is controlled by external capacitor 
Ce- The error window (TE) is equal to 256 times the internal 
oscillator cycle. 

If an unmatched data word (error code) is detected, an 
Internal window TE is generated. If two or more errors are 
detected within the TE period, the CB signal is activated. 



signaling that an outsider is trying to break the code of this 
system (noise cannot activate the code break output). 

If only one error code is detected within the window, the 
window period is automatically extended from the last invalid 
word to check if there are two or more error codes. If so, the 
CB signal is activated; if not, TE is closed after a defined 
period. See Figures 8 and 11. 

TE and TB are generated from a Schmitt-trigger low 
frequency oscillator of which the period (TC) is controlled by 
Ce- The period of this low frequency oscillator is defined as 
TC as indicated in Figure 8. 

TE is generated by an 8-stage counter. 
TB is generated by a 7-stage counter. 
TE = 256 TC and TB = 128 TC. 

The relation between TC and Ce is listed below with a 5.0-V 
supply. 



Timing Capacitor (Ce) 


Cycle Time (TC) 


4.7 nF 
1.0 nF 
0.1 ^iF 


1430 ms 

330 ms 

26 ms 


0.047 jiF 

0.022 nF 

0.01 ^iF 


12 ms 
5.6 ms 
2.5 ms 


0.0047 nF 
0.001 ^iF 


1.0 ms 
0.3 ms 



In order to minimize false CB triggers, one error code is 
allowed for every TE period (256 TC). 

Suppose Ce = 4.7 |iF, TC = 1430 ms, and TE = 256 TC. 
On an average, it takes 2"I0 trials in order to succeed in 
breaking the system coding. Total time taken in breaking the 
system coding = # of trials x TC x 256. 
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_J 



DECODER 
RxD 



1ST 



U 



2ND 
WORD 



PREAMBLE WORD 

< ONE TRANSMIT SEQUENCE *-' 



PREAMBLE JoRD 



U 



2ND 
WORD ! 



DECODER 
VD OUTPUT 



1ST 



U 



, PREAMBLE WORD 

— ONE TRANSMIT SEQUENCE 



2ND 
WORD 



^L^J 



PREAMBLE 



1ST 
WORD 



2ND 
WORD 



t: RECEIVING DELAY 



Figure 12. IVICI 45031/32/33 Encoding and Decoding Timing Diagram 
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ENCODER 
TxEN 



ENCODER 



JL 
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PREAMBLE VVORD WORD 



DECODER 
RxD 



DECODER 

VD OUTPUT 

(CASE1) 



DECODER 

VD OUTPUT 

(CASE 2) 



DECODER RESET 

(IF INPUT WITHIN T1) 

(CASE 2) 



^Firu 



ONE TRANSMIT SEQUENCE 
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PREAMBLE yvORD WORD ! 
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1*^ *i 

T<T1 . 



jl 



t: RECEIVING DELAY 
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Figure 13. MC1 45034/35 Encoding and Decoding Timing Diagram — Single Transmission 
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Figure 14. MCI 45034/5 Encoding and Decoding Timing Diagram — Continuous Transmissions 
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SL-TT, 



TRANSMIT 



18 



TxEN 



Vdd 



MCI 45034 



ENCODER 



vss 



13 
ADDRESSES J_ 

FOR DATA RATE = 500 BAUD 
0SC.FREQ = 4kHz 
R1 = 10kQ 
R2 = 22kQ 
C = 0.01 ^iF 
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Figure 15. Typical Application 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



PLL Frequency Synthesizer 

CMOS 

The MC1 451 06 is a phase locked loop (PLL) frequency synthesizer constructed 
in CMOS on a single monolithic structure. This synthesizer finds applications in 
such areas as CB and FM transceivers. The device contains an oscillator/ amplifier, 
a 2'I0 or 2II divider chain for the oscillator signal, a programmable divider chain 
for the input signal and a phase detector. The MC145106 has circuitry for a 
10.24-MHz oscillator or may operate with an external signal. The circuit provides 
a 5.12-MHz output signal, which can be used for frequency tripling. A 2^ 
programmable divider divides the input signal frequency for channel selection. 
The inputs to the programmable divider are standard ground-to-supply binary 
signals. Pull-down resistors on these inputs normally set these inputs to ground 
enabling these programmable inputs to be controlled from a mechanical switch 
or electronic circuitry. 

The phase detector may control a VCO and yields a high level signal when 
input frequency is low, and a low level signal when input frequency is high. An 
out-of-lock signal is provided from the on-chip lock detector with a "0" level for 
the out-of-lock condition. 

Single Power Supply 

Wide Supply Range: 4.5 to 12 V 

Provision for 1 0.24-MHz Crystal Oscillator 

5.12-MHz Output 

Programmable Division Binary Input Selects up to 2^ 

On-Chip Pull Down Resistors on Programmable Divider Inputs 

Selectable Reference Divider, 2"'0 or 2'''' (including + 2) 

Three-State Phase Detector 

See Application Note AN535 and Article Reprint AR254 

Chip Complexity: 880 FETs or 220 Equivalent Gates 



BLOCK DIAGRAM 



MCI 451 06 





P SUFFIX 

PLASTIC DIP 
CASE 707 



FN SUFFIX 

PLCC 
CASE 775 



DW SUFFIX 

SOG 
CASE 751 D 



ORDERING INFORMATION 

MC145106P Plastic DIP 

MC145106FN PLCC 
MC145106DW SOG 




The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 



OSCo, 



OSCin 
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PHASE 
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PIN ASSIGNMENTS 



PLASTIC DIP 



PLCC PACKAGE 






f— 1 


|— 1 


2 
|— 1 


|— 1 


OL 

r— 1 


OSCin C 4 


3 


2 


1 

• 


20 


19 
18 


OSCout t 


5 










17 


-2out 1= 


6 










16 


FS[ 


7 










15 


(|)Detout t 


8 


9 

TT- 


10 

-TT- 


11 
1 1 


12 

1 1 


14 
13 



] P1 

] P2 
] P3 
] P4 
] P5 



SOG PACKAGE 



Vdd [ 1 • 

fin [2 

OSCin [ 3 

OSCout [ 4 

-2out [ 5 

FS [ 6 

(t)Detout [ 7 

LD[ 8 

P8[ 9 

P7[ 10 



20 ] Vss 

19 ] PO 

18 ] NC 

17 ] PI 

16 ] P2 

15 ] P3 

14 ] P4 



] NC 
] P5 
] P6 



Q 2P o 



NC = NO CONNECTION 



MAXIMUM RATINGS (Voltages Referenced to Vss) 



Parameter 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd 


-0.5 to +12 


V 


Input Voltage, All Inputs 


Vin 


- 0.5 to Vdd + 0.5 


V 


DC Input Current, per Pin 


1 


±10 


mA 


Operating Temperature Range 


Ta 


-40to + 85 


°C 


Storage Temperature Range 


Tstg 


-65 to +150 


°c 



This device contains circuitry to protect 
the inputs against damage due to high stat- 
ic voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid application of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it is 
recommended that Vjp and Vout be con- 
strained to the range Vss - (^in o"" ^out) - 

Vdd- 
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ELECTRICAL CHARACTERISTICS (Ta = 25°C Unless Othenwise Stated, Voltages Referenced to Vss) 



Characteristic 


Symbol 


Vdd 

Vdc 


All Types 


Unit 


MIn 


Typ* 


Max 


Power Supply Voltage Range 


vdd 


— 


4.5 


- 


12 


V 


Supply Current 


'dd 


5.0 
10 
12 


- 


6 

20 
28 


10 
35 
50 


mA 


Input Voltage "0" Level 

"1" Level 


V|L 


5.0 
10 
12 


E 


- 


1.5 
3.0 
3.6 


V 


V|H 


5.0 
10 
12 


3.5 
7.0 
8.4 


E 


E 


Input Current "0" Level 
FS, Pull-Up Resistor Source Current) 

(P0-P8) 

(FS) "1" Level 

(P0-P8, Pull-Down Resistor Sink Current) 

(OSCin.fin) "0" Level 

(OSCin.fin) "1" Level 


■in 


5.0 
10 
12 


-5.0 
-15 
-20 


-20 
-60 
-80 


-50 
-150 
-200 


^lA 


5.0 
10 
12 


- 


E 


-0.3 
-0.3 
-0.3 


5.0 
10 
12 


- 


- 


0.3 
0.3 
0.3 


5.0 
10 
12 


7.5 
22.5 
30 


30 
90 
120 


75 
225 
300 


5.0 
10 
12 


-2.0 
-6.0 
-9.0 


-6.0 
-25 
-37 


-15 
-62 
-92 


5.0 
10 
12 


2.0 
6.0 
9.0 


6.0 
25 
37 


15 
62 
92 


Output Drive Current 
(Vo = 4.5V) Source 
(Vo = 9.5 V) 
(Vo= 11.5 V) 

(Vo = 0.5V) Sink 
(Vo = 0.5V) 
(Vo = 0.5V) 


lOH 


5.0 
10 
12 


-0.7 
-1.1 
-1.5 


-1.4 
-2.2 
-3.0 


- 


mA 


lOL 


5.0 
10 
12 


0.9 
1.4 
2.0 


1.8 
2.8 
4.0 


- 


Input Amplitude 
(fjn @ 4.0 MHz) 
(OSCin® 10.24 MHz) 


" 


- 


1.0 
1.5 


0.2 
0.3 


- 


Vp-p 
Sine 


Input Resistance 
(OSCin.fin) 


Rin 


5.0 
10 
12 


- 


1.0 
0.5 


- 


MQ 


Input Capacitance 
(OSCin, fin) 


Cin 


— 


— 


6.0 


— 


PF 


Three-State Leakage Current 
((t)Detout) 


lOZ 


5.0 
10 
12 


- 


E 


1.0 
1.0 
1.0 


^A 


Input Frequency 
(- 40 to + 85°C) 


fin 


4.5 
12 






— 


4.0 
4.0 


MHz 


Oscillator Frequency 
(-40to + 85°C) 


OSCin 


4.5 
12 


0.1 
0.1 


— 


10.24 
10.24 


MHz 



*Data labelled 'Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance. 
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Figure 1. Maximum Divider Input Frequency 
versus Supply Voltage 
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Figure 2. Maximum Oscillator Input Frequency 
versus Supply Voltage 



*Data labelled 'Typ" is not to be used for design purposes but is intended as an indication of the IC's potential performance. 



TRUTH TABLE 



Selection 


Divide by N 


P8 


P7 


P6 


P5 


P4 


P3 


P2 


P1 


PO 








• 



• 
• 

1 








• 
• 

1 

• 

1 








1 
1 








• 
• 

1 

• 
• 

1 








• 

1 
1 








1 
1 







1 

• 

1 
1 





1 

1 



1 

• 

1 




1 



1 



• 
• 

1 

• 

1 


2* 

3* 

2 

3 

4 

• 
• 

255 

• 

511 



1: Voltage level = Vdd- 

0: Voltage level = or open circuit input. 

*The binary setting of 00000000 and 00000001 on P8 to PO results 
in a 2 and 3 division which is not in the 2^ - 1 sequence. When pin 
is not connected the logic signal on that pin can be treated as a "0". 



PIN DESCRIPTIONS 

P0-P8 
Programmable Inputs 

Programmable divider Inputs (binary). 

f|n 

Frequency Input 

Frequency input to programmable divider (derived from 
VCO). 



OSCin, OSCout 

Oscillator input and Oscillator Output 

Oscillator/amplifier input and output terminals. 

LD 

Lock Detector 

LD Is high when loop is locked, pulses low when out-of-lock. 

<t)Detout 

Signal for control of external VCO, output high when fin/N 
is less than the reference frequency; output low when fjn/N 
is greater than the reference frequency. Reference frequency 
is the divided down oscillator — Input frequency typically 5.0 
or 10 kHz. 

FS 

Reference Oscillator Frequency Division Select 

When using 1 0.24 MHz 080 frequency, this control selects 
10 kHz, a "0" selects 5.0 kHz. 

-^2out 

Reference OSC frequency divided by 2 output; when using 
10.24 MHz OSC frequency, this output Is 5.12 MHz for 
frequency tripling applications. 

Vdd 

Positive Power Supply 

vss 

Ground 



NOTE 

Phase Detector Gain = Vdq/^tc 
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PLL SYNTHESIZER APPLICATIONS 

The MC145106 is well suited for applications in CB radios 
because of the channelized frequency requirements. A typical 
40 channel CB transceiver synthesizer, using a single crystal 
reference, is shown in Figure 3 for receiver IF values of 
10.695 MHz and 455 kHz. 

In addition to applications in CB radios, the MC145106 can 
be used as a synthesizer for several other systems. Various 
frequency spectrums can be achieved through the use of 
proper offset, prescaling, and loop programming techniques. 
In general, 300-400 channels can be synthesized using a 
single loop, with many additional channels available when 
multiple loop approaches are employed. Figures 4 and 5 are 
examples of some possibilities. 

In the aircraft synthesizer of Figure 5, the VHF loop (top) 
will provide a 50 kHz, 360 channel system with 1 0.7 MHz R/T 
offset when only the 1 1 .0500 MHz (transmit) and 1 2. 1 200 MHz 



(receive) frequencies are provided to mixer #1 . When these 
signals are provided with crystal oscillators, the result is a three 
crystal 360 channel, 50 kHz step synthesizer. When using the 
offset loop (bottom) in Figure 5 to provide the indicated 
injection frequencies for mixer #1 (two for transmit and two 
for receive) 360 additional channels are possible. This results 
in a 720 channel, 25 kHz step synthesizer which requires only 
two crystals and provides R/T offset capability. The receive 
offset value is determined by the 11 .31 MHz crystal frequency 
and is 10.7 MHz for the example. 

The VHF marine synthesizer in Figure 4 depicts a single 
. loop approach for FM transceivers. The VCO operates on 
frequency during transmit and is offset downward during 
receive. The offset corresponds to the receive IF (10.7 MHz) 
for channels having identical receive/transmit frequencies 
(simplex), and Is (1 0.7 - 4.6 = 6. 1 ) MHz for duplex channels. 
Carrier modulation is introduced in the loop during transmit. 



rHDh 

_L 10.24 _L/ 
T MHz ^ 






i-AAArH. 
i- OScU 



OSC-^ +2 -♦- 



■^ 29/210 



MC145106 



5.0 kHz 



PROGRAMMABLE 
DIVIDER 



PHASE 
DETECTOR 



Vdd gnd 



SWITCH WAFERS 



R/r 



BUFFER 




1.365 -1.805 MHz (TRANSMIT) 
0.91 -1.35 MHz (RECEIVE) 



-►LD 



LOOP 
FILTER 



VCO 



BUFFER 




TO RECEIVER RECEIVER 1st 

2ND MIXER LOCAL OSC SIGNAL 



26.965 -27.405 MHz 
^ (TRANSMIT) 
26.510 -26.950 MHz 
(RECEIVE) 



Figure 3. Single Crystal CB Synthesizer Featuring On-Frequency VCO During Transmit 
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LOCK DETECT 




TRANSMIT RANGE 

156.025- 157.425 MHz 

*157.4 

' RECEIVER LO. RANGE 

145.575- 152.575 MHz 

M51.3 



NOTES: 

• Receiver IF = 10.7 MHz 

• Low Side Injection 

• Duplex Offset = 4.6 MHz 

• Step Size = 25 kHz 

• Frequencies in MHz unless noted. 

• Values in parentheses are for a 5.0 kHz reference frequency. 

• Example frequencies for Channel 28 shown by * 

#Can be eliminated by adding 184 to ■*- N for Duplex Channels. 



O DUPLEX 
f±=z. 14.75# 
LJ (29.50) 



Figure 4. VHF Marine Transceiver Synthesizer 
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hdh-^ si 



10.24 MHz 



LOCK DETECT 



29, 210 
DIVIDER 



5.0 kHz 



PHASE 
DETECTOR 



MC145106 p 

+ N29-1 -I 



VHFLOOP 

PROGRAMMING 

750 kHz -2545 kHz 

N = 150 -509 



Vdd gnd 



5.12 MHz 



REFOSC 
AND + 2 



LOCK DETECT 



29 210 
DIVIDER 



2.5 kHz 



PHASE 
DETECTOR 



hN29-1 



10 10 10'^ Vdd 
offset loop 
programming 



1 — r 



GND 



810 kHz -812.5 kHz 
N = 324 -325 



LOOP 
FILTER 



VCOAND 
BUFFER 



MIXER 
#1 



LOOP 
FILTER 



MIXER 

#2 



AMP 
OSC 



TRANSMIT 

118.000- 135.975 MHz 

(25 kHz STEPS) 

^ RECEIVE 
128.700 -146.675 MHz 




. TRANSMIT 
^ 10.24 MHz 






RECEIVE 

11.31 MHz 
-,- (SELECT FREQUENCY TO 
_L GIVE DESIRED WT OFFSET) 



Figure 5. VHF Aircraft 720 Channel Two Crystal Frequency Synthesizer 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

4-Bit Data Bus Input 

PLL Frequency Synthesizer 

Interfaces with Single-Modulus Prescalers 

The MC145145-2 is programmed by a 4-bit input, with strobe and address 
lines. The device features consist of a reference oscillator, 12-bit programmable 
reference divider, digital phase detector, 14-bit programmable divide-by-N 
counter and the necessary latch circuitry for accepting the 4-bit input data. When 
combined with a loop filter and VCO, the MCI 451 45-2 can provide all of the 
remaining functions for a PLL frequency synthesizer operating up to the device 
frequency limit. For higher VCO frequency operation, a down mixer or a fixed 
divide prescaler can be used between the VCO and the MCI 451 45-2. 

The MCI 451 45-2 is an improved performance drop-in replacement for the 
MCI 451 45-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• General Purpose Applications 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 

Two Way Radios Amateur Radio 

• Low Power Consumption Through the Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• Single Modulus 4-Bit Data Bus Programming 

• On- or Off-Chip Reference Oscillator Operation 

• -H N Range = 3 to 1 6,383, + R Range = 3 to 4,095 

• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 

• Two Error Signal Options: 

Single Ended (Three-State) 
Double Ended 

• Chip Complexity: 5,692 FETs or 1,423 Equivalent Gates 



REFout - 



OSCin 



OSCout • 



— <h 

I — WV n 



BLOCK DIAGRAM 



12-BIT R COUNTER 



HH>Ut>Ut 



LATCH 4 LATCH 5 LATCH 6 



<i ii ii i> 



DO- 
D1 - 
D2- 
D3- 
AO- 
A1 • 
A2- 
ST- 



LATCH 
CONTROL 
CIRCUITRY 

—2 — 



• UTCHES 



fi„JZ[>i* 



LOCK 
DETECT 



LATCH LATCH 1 LATCH 2 L3 
14-BIT N COUNTER 



LD 



PHASE 
DETECTOR — PDout 
A 



PHASE *V 

DETECTOR 
B 



•l^R 



MCI 451 45-2 




P SUFFIX 

PLASTIC DIP 
CASE 707 



DW SUFFIX 

SOG 
CASE 751 D 



ORDERING INFORMATION 

MC145145P2 Plastic DIP 

MC145145DW2 SOG Package 



PIN ASSIGNMENTS 




PLASTIC DIP 




D1[ 


^^ 18 


pD2 


DOE 


2 17 


] D3 


tint 


3 16 


tl REFout 


VssE 


4 15 


]<I>R 


VddC 


5 14 ] (|)V 


OSCin f 


6 13 


]LD 


OSCout [ 


7 12 


] PDout 


A0[ 


8 11 


1ST 


A1[ 


9 10 


]A2 


s 


»0G PACKAG 


E 


D1[ 


1« 20 


]D2 


D0[ 


2 19 


] D3 


NC[ 


3 18 


1 REFout 


tint 


4 17 


Ur 


VssC 


5 16 


]^y 


VddC 


6 15 


]ld 


OSCin ^ 


7 14 


3 PDout 


OSCout C 


8 13 


1st 


A0[ 


9 12 


1A2 


AlC 


10 11 


1 NC 


NC 


= NO CONNECT 


"ION 



This document contains infomnation on a new product. Specifications and information herein are subject to change without notice. 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to + 10 


V 


Vin.Vout 


Input or Output Voltage (DC or Transient) 


-0.5 to Vdd +0-5 


V 


'in- 'out 


Input or Output Current (DC or Transient), per Pin 


±10 


mA 


'dd. 'SS 


Supply Current, Vqd or Vss P'^s 


±30 


mA 


Pd 


Power Dissipation, per Packaget 


500 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


°C 


Tl 


Lead Temperature, 1 mm from Case for 10 Seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip- 
tions section. 
t Power Dissipation Temperature: 

Plastic Dl P: -1 2 mW/°C from 65 to 85°C 
SOG Package: -7.0 mW/°C from 65 to 85°C 



This device contains protection 
circuitry to guard against damage due 
to high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to these 
high-impedance circuits. For proper 
operation, Vjp and Vout should be 
constrained to the range Vss^(Vin or 
Vout) ^ Vdd- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss o"* Vdd)> except for inputs 
with pull-up devices. Unused outputs 
must be left open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Conditions 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Vdd 


Power Supply Voltage Range 




— 


3.0 


9.0 


3.0 


9.0 


3.0 


9.0 


V 


'ss 


Dynamic Supply Current 


fin = OSCin = 10 MHz, 

1 Vp-p ac-coupled sine wave 

R = 128,A = 32, N = 128 


3.0 
5.0 
9.0 


- 


3.5 
10 
30 


- 


3.0 
7.5 
24 


- 


3.0 
7.5 
24 


mA 


'SS 


Quiescent Supply Current 


Vjn = VDDorVss 
'out = O^A 


3.0 
5.0 
9.0 


- 


800 
1200 
1600 


- 


800 
1200 
1600 


- 


1600 
2400 
3200 


ha 


Vin 


Input Voltage — fjp, OSCjn 


Input ac-coupled sine wave 


— 


500 


— 


500 


— 


500 


— 


mVp-p 


V|L 


Low-Level Input Voltage — 
fin.OSCin 


Vout^2.1V Input 
Vout ^ 3.5 V dc-coupled 
Vout ^ 6.3 V square wave 


3.0 
5.0 
9.0 


- 







— 














V 


V|H 


High-Level Input Voltage — 
fin.OSCin 


Vout ^ 0.9 V Input 
Vout^"i.5V dc-coupled 
Vout - 2-7 V square wave 


3.0 
5.0 
9.0 


3.0 
5.0 
9.0 


- 


3.0 
5.0 
9.0 


— 


3.0 
5.0 
9.0 


- 


V 


V|L 


Low-Level Input Voltage — 
except fin.OSCin 




3.0 
5.0 
9.0 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


V 


V|H 


High-Level Input Voltage — 
except fin.OSCin 




3.0 
5.0 
9.0 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


— 


2.1 
3.5 
6.3 


— 


V 


'in 


Input Current (fin. OSCin) 


Vin = Vdd or Vss 


9.0 


±2.0 


±50 


±2.0 


±25 


±2.0 


±22 


^A 


l|L 


Input Leakage Current 

(all inputs except fin. OSQn) 


Vin = Vss 


9.0 


— 


-0.3 


— 


-0.1 


— 


-1.0 


^A 


l|H 


Input Leakage Current 

(all inputs except fin. OSCin) 


Vin = Vdd 


9.0 


— 


0.3 


— 


0.1 


— 


1.0 


^A 


Cin 


Input Capacitance 




— 


— 


10 


— 


10 


— 


10 


PF 


Vol 


Low-Level Output Voltage— 
OSCout 


'out^O^A 

Vin = Vdd 


3.0 
5.0 
9.0 




0.9 
1.5 
2.7 




0.9 
1.5 
2.7 




0.9 
1.5 
2.7 


V 


VOH 


High-Level Output Voltage— 
OSCout 


'out^OjiA 
V|n = Vss 


3.0 
5.0 
9.0 


2.1 
3.5 
6.3 


— 


2.1 
3.5 
6.3 




2.1 
3.5 
6.3 




V 


Vol 


Low-Level Output Voltage— 
Other Outputs 


'out^OjiA 


3.0 
5.0 
9.0 


— 


0.05 
0.05 
0.05 




0.05 
0.05 
0.05 




0.05 
0.05 
0.05 


V 



(continued) 
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ELECTRICAL CHARACTERISTICS (continued) (Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Conditions 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


MIn 


Max 


Min 


Max 


Min 


Max 


VOH 


High-level Output Voltage— 
Other Outputs 


\ou\^0\iA 


3.0 
5.0 
9.0 


2.95 
4.95 
8.95 


- 


2.95 
4.95 
8.95 


- 


2.95 
4.95 
8.95 


- 


V 


lOL 


Low-Level Sinking Current- 
Lock Detect 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3.0 
5.0 
9.0 


0.25 
0.64 
1.3 


— 


0.2 
0.51 
1.0 


— 


0.15 
0.36 
0.7 


— 


mA 


'OH 


High-Level Sourcing 
Current— Lock Detect 


Vout = 2.7V 
Vout = 4.6V 
Vout = 8.5V 


3.0 
5.0 
9.0 


-0.25 
-0.64 
-1.3 




-0.2 
-0.51 
-1.0 




-0.15 
-0.36 
-0.7 




mA 


lOL 


Low-Level Sinking Current- 
Other Outputs 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3.0 
5.0 
9.0 


0.44 
0.64 
1.3 




0.35 
0.51 
1.0 




0.22 
0.36 
0.7 




mA 


'OH 


High-Level Sourcing 
Current— Other Outputs 


Vout = 2.7V 
Vout = 4.6V 
Vout = 8.5V 


3.0 
5.0 
9.0 


-0.44 
-0.64 
-1.3 




-0.35 
-0.51 
-1.0 


- 


-0.22 
-0.36 
-0.7 


- 


mA 


loz 


Output Leakage Current— 
PDout 


Vout = VDDorVss 
Output in Off State 


9.0 


— 


±0.3 


— 


±0.1 


— 


±1.0 


^A 


Gout 


Output Capacitance— PDout 


PDout— Three-State 


— 


— 


10 


— 


10 


— 


10 


PF 



AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr 


= tf=10ns 










Symbol 


Parameter 


Figure 

# 


Vdd 

V 


Guaranteed Limit 
25°C 


Guaranteed Limit 
-40to+85°C 


Unit 


tw 


Output Pulse Width, (t)R, ^y, and LD with fp in 
Phase with fv 


1.5 


3.0 
5.0 
9.0 


25 to 200 
20 to 100 
10 to 70 


25 to 260 
20 to 125 
10 to 80 


ns 


tJLH. tTHL 


Maximum Output Transition Time, LD 


2,5 


3.0 
5.0 
9.0 


180 
90 
70 


200 
120 
90 


ns 


tlLH. tjHL 


Maximum Output Transition Time, Other Outputs 


2,5 


3.0 
5.0 
9.0 


160 
80 
60 


175 
100 
65 


ns 


tsu 


Minimum Setup Time, Data to ST 


3 


3.0 
5.0 
9.0 


10 
10 
10 


TBD 
TBD 
TBD 


ns 


tsu 


Minimum Setup Time, Address to ST 


3 


3.0 
5.0 
9.0 


25 
20 
15 


TBD 
TBD 
TBD 


ns 


th 


Minimum Hold Time, Address to ST 


3 


3.0 
5.0 
9.0 


10 
10 
10 


TBD 
TBD 
TBD 


ns 


th 


Minimum Hold Time, Data to ST 


3 


3.0 
5.0 
9.0 


25 
20 
15 


TBD 
TBD 
TBD 


ns 


tw 


Minimum Input Pulse Width, ST 


4 


3.0 
5.0 
9.0 


40 
30 
20 


TBD 
TBD 
TBD 


ns 
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SWITCHING WAVEFORMS 





Iw 
r 50% ^ 


. tTLH— *i 

t ANY 

OUTPUT 


h- 


(1)R,(})V.LD* -1 


■f- 90% 


*fR in phase with fv 






r 10% 



tTHL— H -^ 



Figure 1. 



Figure 2. 



DATA OR 
ADDRESS 



ST 



3£ 



X 



iK50%ir 



Vdd 
vss 

• Vdd 

Vss 



ST 



y 



50% 



- Vdd 
Vss 



Figure 3. 



Figure 4. 



DEVICE 
UNDER 
TEST 



TEST POINT 
Q 



OUTPUT 



-T- Cl 



^includes all probe and jig capacitance. 



Figures. Test Circuit 
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FREQUENCY CHARACTERISTICS (Voltages Referenced to Vss- Cl = 


50 pF, Input tr = 


= tf=10 


ns unless otherwise Indicated) 




Symbol 


Parameter 


Test Conditions 


Vdd 

V 


-40°C 


25°C 


+85°C 


Unit 


MIn 


Max 


Min 


Max 


Min 


Max 


fj 


Input Frequency (fjn, OSCjn) 


R>8,A>0,N>8 

Vjn = 500 mVp-p ac-coupled 

sine wave 


3.0 
5.0 
9.0 


- 


6.0 
15 
15 


- 


6.0 
15 
15 


- 


6.0 
15 
15 


MHz 


R>8,A>0,N>8 

Vjn = 1 .0 Vp-p ac-coupled 

sine wave 


3.0 
5.0 
9.0 


— 


12 
22 
25 


— 


12 
20 
22 


— 


7.0 
20 
22 


IVIHz 


R>8,A>0,N>8 

Vin = VDDtoVss 
dc-coupled square wave 


3.0 
5.0 
9.0 


- 


13 
25 
25 


- 


12 
22 
25 


- 


8.0 
22 
25 


MHz 



REFERENCE 
(OSCin^R), 

fv 

FEEDBACK 
(fin^N). 



PDout" 



n 



IL 



— Vh 

Vl 

Vh 



E 



If 



Vl 

— Vh 

high impedance 



<t>R 



<t>V 



LD 



U 



If 



— Vl 
— Vh 



— Vl 
— Vh 



— Vl 
— Vh 



— Vl 



Vh = High voltage level 
Vl = Low voltage level 

*At this point, when both fp and fv are in phase, the output is forced to near mid supply. 
Note: The PDout generates error pulses during out-of-lock conditions. When locked in phase and frequency, 
the output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor. 



Figure 6. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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PIN DESCRIPTIONS 

D0-D3 
Data Inputs 

Information at these inputs is transferred to the Internal 
latches when the ST input is in the high state. D3 is most 
significant bit. 

fin 

Frequency Input 

Input to + N portion of synthesizer, f |n is typically derived from 
the loop VCO and Is ac coupled. For larger amplitude signals 
(standard CMOS-logic levels) dc coupling may be used. 

vss 

Ground 

Circuit Ground. 

Vdd 

Positive Power Supply 

The positive supply voltage may range from 3.0 to 9.0 V 
with respect to Vss- 

OSCin/OSCout 

Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjp to ground and OSCout to 
ground. OSCjn may also serve as input for an externally- 
generated reference signal. This signal is typically ac- 
coupled to OSCjn, but for larger amplitude signals (standard 
CMOS-logic levels) dc coupling may also be used. In the 
external reference mode, no connection is required to 
OSCout- 

A0-A2 
Address Inputs 

AO, A1 , and A2 are used to define which latch receives the 
information on the data input lines. The addresses refer to the 
following latches: 



A2 


A1 


AO 


Selected 


Function 


DO 


D1 


D2 


D3 











Latch 


-^ N Bits 





1 


2 


3 








1 


Latch 1 


-^ N Bits 


4 


5 


6 


7 





1 





Latch 2 


■i- N Bits 


8 


9 


10 


11 





1 


1 


Latch 3 


4- N Bits 


12 


13 


— 


— 


1 








Latch 4 


Reference Bits 





1 


2 


3 


1 





1 


Latch 5 


Reference Bits 


4 


5 


6 


7 


1 


1 





Latch 6 


Reference Bits 


8 


9 


10 


11 


1 


1 


1 


— 


— 


— 


— 


— 


— 



ST 

Strobe Transfer 

The rising edge of strobe transfers data into the addressed 
latch, the falling edge of strobe latches data into the latch. This 
pin should normally be held low to avoid loading latches with 
invalid data. 

PDout 

Single-Ended Phase Detector Output 

Three-state output of phase detector for use as loop error 
signal. 
Frequency fv>fR or fv Leading: Negative Pulses 
Frequency fv<fR orfv Lagging: Positive Pulses 
Frequency fv = fR and Phase Coincidence: 
High-Impedance State 

LD 

Lock Detector Signal 

High level when loop is locked (fp, fv of same phase and 
frequency). Pulses low when loop is out of lock. 

Phase Detector Outputs 

These phase detector outputs can be combined externally 
for a loop error signal. A single-ended output is also available 
for this purpose (see PDout)- 

If frequency fv is greater than fR or if the phase of fv is 
leading, then error information is provided by c^v pulsing low. 
(t)R remains essentially high. 

If the frequency fv is less than fp or if the phase of fv is 
lagging, then error information is provided by ({)r pulsing low. 
())V remains essentially high. 

If the frequency of fv = fR and both are in phase, then both 
^y and 0R remain high except for a small minimum time period 
when both pulse low in phase. 

REFout 

Buffered Reference Output 

Buffered output of on-chip reference oscillator or externally 
provided reference-input signal. 
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DESIGN CONSIDERATIONS 
PHASE-LOCKED LOOP — LOW-PASS FILTER DESIGN 



A) PDout 



<t>V — 



-AAAr- 

Ri 






vco 



con 



1/ K(|)Kvco 
1 NRiC 

2K(i)KvcO 



F(s) = 



R1SC+I 



B) PDout 




VCO 



con 



i 



F(s) = 



K(|)Kvco 
NC(Ri+R2) 



C = 0.5 con 

R2SC + 1 
(Rl+R2)sC + 1 



( ''^'IV^-) 



C) PDout — 




(On 



= r 



K(|)KVC0 
NCRi 



VCO 



2 
ASSUMING GAIN A IS VERY LARGE, THEN: 

R2SC + 1 



F(s) = 



RlsC 



NOTE: Sometimes R-j is split into two series resistors each Ri -^2. A capacitor Cc is then placed from the midpoint to ground 

to further filter (^\j and (})r. The value of Cc should be such that the corner frequency of this network does not significantly 
affect cop. 

DEFINITIONS: 
N = Total Division Ratio in feedback loop 
K(j) (Phase Detector Gain)=VoD/47t for PDout 
K,|, (Phase Detector Gain)=VDD/27i; for ^\j and ^y\ 

2reAfvco 
Kvco(VCOGain)=^^;^ 

for a typical design Wn (Natural Frequency) « (at phase detector input). 

Damping Factor: ^=1 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1980. 
Blanchard, Alain, Phase-Locl<ed Loops: Appiication to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Locl<. New York, Wiley-lnterscience, 1 981 . 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1 983. 
Berlin, Howard M., Design of Phase-Locl<ed Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cool<booi<. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 
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CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 
Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock 
oscillators provide very stable reference frequencies. An 
oscillator capable of sinking and sourcing 50 |iA at CMOS 
logic levels may be direct or dc coupled to OSCjn. In general, 
the highest frequency capability is obtained utilizing a 
direct-coupled square wave having a rail-to-rail (Vdd to Vss) 
voltage swing. If the oscillator does not have CMOS logic 
levels on the outputs, capacitive or ac coupling to OSCjp may 
be used. OSCout. an unbuffered output, should be left 
floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using 
ICs specifically developed for crystal oscillator applications, 
such as the MC12061 MECL device. The reference signal 
from the MECL device is ac coupled to OSCjn. For large 
amplitude signals (standard CMOS logic levels), dc coupling 
is used. OSCout. ^^ unbuffered output, should be left floating. 
In general, the highest frequency capability is obtained with 
a direct-coupled square wave having rail-to-rail voltage 
swing. 
Use of the On-Chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 7. 

For Vdd = 5.0 V, the crystal should be specified for a loading 
capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately 8.0 MHz, 20 pF for frequencies 
in the area of 8.0 to 1 5 MHz, and 1 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia- 
tions in stray and IC input/output capacitance, and realistic 
Cl values. The shunt load capacitance, C|_, presented across 
the crystal can be estimated to be: 

CinCout ^ ^ 01 . 02 
■ + ^a + ^o ' 



Cl = 



Cin+Cout 



01 +02 



where 

Cjn = 5.0 pF (see Figure 8) 
Cout = 6.0 pF (see Figure 8) 

Ca = 1 .0 pF (see Figure 8) 

Co = the crystal's holder capacitance (see Figure 9) 
Cl and 02 = external capacitors (see Figure 7) 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of 01 variable. The crystal and associated 
components must be located as close as possible to the OSCjn 
and OSCout P'^s to minimize distortion, stray capacitance, 
stray inductance, and startup stabilization time. In some 
cases, stray capacitance should be added to the value for Cjn 
and Cout- 



Power is dissipated in the effective series resistance of the 
crystal. Re, in Figure 9. The drive level specified by the crystal 
manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 7 limits the drive level. The use of R1 may not 
be necessary In some cases (i.e., R1=0 Q). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout- (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an Increase in supply voltage. The operating supply voltage 
must be reduced or R1 must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful, 
(see Table 1). 



r 

I 

L 



OSCi, 



-AAAr- 



FREQUENcTl 
SYNTHESIZER ' 



P- 



■i 



J 



Rr OSCout 

_l[]i^x;v-J 



*May be deleted in certain cases. See text. 
Figure 7. Pierce Crystal Oscillator Circuit 






^ 



I 



Figure 8. Parasitic Capacitances of the Amplifier 




Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 9. Equivalent Crystal Networks 
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Table 1 . Partial List of Crystal Manufacturers 



Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 


3605 McCart St., Ft. Worth, TX 76110 
2371 Crystal Dr., Ft. Myers, FL 33907 
512 N. Main St., Orange, CA 92668 


(817)921-3013 
(813)936-2109 
(714)639-7810 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this 
is a complete listing of crystal manufacturers. 



UHF/VHF 

TUNER 

ORCATV 

FRONT END 



3.59105 MHz 



.TT-'D^T^ 



I 



MC12071 
PRESCALER 



KEYBOARD 



C 



r-AW II 1 



MCI 451 45-2 



a a ii 



z\ 



-^^v- 



Vref 




1/2MC1458 



CMOS 
MICROCOMPUTER 



U U U 



MC14489 



LED DISPLAY 

AND 
STATUS UMPS 



Figure 10. TV/CATV Tuning System 



RECOMMENDED READING 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, 'The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 



APPLICATIONS 

The features of the MCI 451 45-2 permit bus operation with 
a dedicated wire needed only for the strobe Input. In a 
microprocessor-controlled system this strobe input is 
accessed when the PLL Is addressed. The remaining data 
and address Inputs will directly interface to the microproces- 
sor's data and address buses. 

The +R programmability is used to advantage in Figure 
10. Here, the nominal +R value Is 3667, but by 
programming small changes in this value, fine tuning is 
accomplished. Better tuning resolution is achievable with 
this method than by changing the -f-N, due to the use of 
the large fixed prescaling value of -*-256 provided by the 
MC12071. 

The two loop synthesizer, in Figure 11 , takes advantage 
of these features to control the phase locked loop with a 
minimum of dedicated lines while preserving optimal loop 
performance. Both 25-Hz and 100-Hz steps are provided 
while the relatively large reference frequencies of 10 kHz 
or 10.1 kHz are maintained. 
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r 



10.1000 I 1 

MHz I 1 



1 



ADDRESS AND DATA 



OSCout 
OSCin 

DO 

D1 

D2 

D3 

AO 

A1 

A2 
ST 



OSCout 
OSCin 

DO 

D1 
D2 

D3 

AO 

A1 

A2 
ST 



CHIP SELECT 



REFout 



MC145145-2 
L00P1 



vdd 



REFout 



MC1 45145-2 
LOOP 2 



Vdd 



LD 
PDout 



^in1 



VSS 



7.9996 TO 1.9999 TO 

32.0184 MHz 8.0046 MHz 
(100-Hz STEPS) {25-Hz STEPS) 



A 



/ 



y- 







t 






i 


L00P1 
FILTER 




VC0i 




+4 


- 



3.9996 TO 4.9995 MHz 
AND 



16.0085 TO 17.0084 MHz 
(10.1 kHz STEPS) ♦ 



LD 
PDout 



<t>R 



fin2 



vss 



CHOICE OF 

DETECTOR 

ERROR SIGNALS 



U 



—\/ 



/ 



y- 



LOOP 2 
FILTER 



VCO2 



4.000 to 15.0100 MHz 
(10-kHz STEPS) 



TO CONTROLLER 

NOTES: 

1. Table 2 provides program sequence for the h-N1 (Loop 1) and -^■N2 (Loop 2) Counters. 

2. -^Rl =1000, fRi =10.1 kHz, +R2 = 1010,fR2=10 kHz. 

3. fVC01 = N1 (fRl ) + N2(fR2) = N1 (f R2 + Af) + N2(fR2) where Af = 1 00 Hz 

4. Other fRi and fR2 values may be used with appropriate -^-Nl and -4-N2 changes. 



Figure 11. Two Loop Synthesizer Provides 25- and 100-Hz Frequency Steps While IVIaintaining High 
Detector Comparison Frequencies of 10 and 10.1 kHz 
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Table 2. Programming Sequence for Two-Loop Synthesizer of Figure 11 



^N1 


f|nl (MHz) 


■^N2 


fVC02(MHz) 


fVC01 (MHz) 


t 396 
"A" . 397 

1 is 


^ 3.9996 
"B" 4.0097 

i 4.9995 


400 
399 

1 
301 




4.0000 
3.9900 

3.0100 


7.9996 
7.9997 

8.0095 


1 


r 


"B" 

1 




401 
400 

303 




4.0100 
4.0000 

3.0200 


8.0096 
8.0097 

8.0195 






"B" 


402 
"C" 401 

303 


"[ 


4.0200 
y 4.0100 

3.0300 


8.0196 
8.0197 

8.0295 


"A" 

1 


"E 


3" 




1500 




15.0000 


Increasing 
In 100-Hz Steps 

19.9995 


"A" 

1 


"i 


J" 


1600 
1599 

1 
V 1501 


16.0000 
15.9900 

V 15.0100 


1 9.9996 
19.9997 

1 
20.0095 


t 1585 
"E" 1586 

1 ,L 


t 16.0085 
"P 16.0186 

1 17.0084 






i I 


20.0085 
20.0086 

20.0184 


"I 


f 


"f 


L 


"( 


J 


"D" 


20.0185 
20.0186 

20.0284 


















Increasing 
In 100-Hz Steps 

32.0084 


"I 


E" 


"1 


L 








32.0085 
32.0086 

32.0184 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

4-Bit Data Bus Input 

PLL Frequency Synthesizer 

Interfaces with Dual-Modulus Prescalers 

The MC1 451 46-2 is programmed by a 4-bit input, with strobe and address 
lines. The device features consist of a reference oscillator, 12-bit programmable 
reference divider, digital phase detector, 10-bit programmable divide-by-N 
counter, 7-bit divide-by-A counter and the necessary latch circuitry for accepting 
the 4-bit input data. When combined with a loop filter and VCO, the MC1 451 46-2 
can provide all of the remaining functions for a PLL frequency synthesizer 
operating up to the device frequency limit. For higher VCO frequency operation, 
a down mixer or a dual-modulus prescaler can be used between the VCO and 
the MCI 451 46-2. 

The MC1 451 46-2 is an Improved performance drop-in replacement for the 
MCI 451 46-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• General Purpose Applications 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 

Two Way Radios Amateur Radio 

• Low Power Consumption Through the Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• Programmable Reference Divider for Values Between 3 and 4095 

• On- or Off-Chip Reference Oscillator Operation 

• Dual-Modulus 4-Bit Data Bus Programming 

• - N Range = 3 to 1023, -i- A Range = to 127 

• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 

• Two Error Signal Options: 

Single Ended (Three State) 
Double Ended 

• Chip Complexity: 5,692 FETs or 1 ,423 Equivalent Gates 



BLOCK DIAGRAM 



OSCi 
OSC( 




1 2-BIT -^R COUNTER \ 
I L5_ I L6 I L7 I 



DO- 
D1 - 
D2- 
D3- 
A2- 
A1 - 
AO- 
ST- 



LATCH 
CONTROL 
CIRCUITRY 



• LATCHES 



.X^IU^ 



L2 I L3 I L4 



y[ 



mi 



-|^.p 



LOCK 
DETECT 



MCI 451 46-2 





P SUFFIX 

PLASTIC DIP 
CASE 738 



DW SUFFIX 

SOG 
CASE 751 D 



ORDERING INFORMATION 

MC145146P2 Plastic DIP 
MC145146DW2 SOG Package 



PIN ASSIGNMENT 


D1 [ 


1 • 20 


] D2 


DO [ 


2 19 


] D3 


tint 


3 18 


]fR 


vsst 


4 17 


] <1>R 


PDoutC 


5 16 


] ^V 


Vdd^ 


6 15 


IV 


OSCin [ 


7 14 


] MC 


OSCout [ 


8 13 


] LD 


AO [ 


9 12 


] ST 


A1[ 


10 11 


] A2 









PHASE 
DETECTOR A 



LI 



10-BIT -ENCOUNTER 



7-BIT -^A COUNTER 



PHASE 
DETECTOR B 



LD 



PDout 



•l^R 



CONTROL LOGIC 



i> 



MODULUS CONTROL (MC) 



This document contains information on a new product. Specifications and information lierein are subject to change without notice. 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to + 10 


V 


Vin.Vout 


Input or Output Voltage (DC or Transient) 


-0.5toVDD+0.5 


V 


'in. 'out 


Input or Output Current (DC or Transient), per Pin 


±10 


mA 


IDD. 'SB 


Supply Current, Vqd or Vss P'ns 


±30 


mA 


Pd 


Power Dissipation, per Packaget 


500 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


''C 


Tl 


Lead Temperature, 1 mm from Case for 10 Seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip- 
t tions section. 
Power Dissipation Temperature Derating: 
Plastic DIP: -1 2 mW/°C from 65 to 85°C 
SOG Package: -7.0 mW/°C from 65 to 85''C 



These devices contain protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to these 
high-impedance circuits. For proper 
operation, Vjp and Vout should be con- 
strained to the range Vss^(Vin or 
Vout) ^ Vdd- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss or Vqd). except for inputs 
with pull-up devices. Unused outputs 
must be left open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


-40°C 


25°C 


+85X 


Unit 


Min 


IVIax 


Min 


Max 


Min 


Max 


Vdd 


Power Supply Voltage Range 




- 


3.0 


9.0 


3.0 


9.0 


3.0 


9.0 


V 


•ss 


Dynamic Supply Current 


fjn=OSCjn=10IVIHz, 

1 Vp-p ac-coupled sine wave 

R = 128,A=32, N = 128 


3.0 
5.0 
9.0 


- 


3.5 
10 
30 


- 


3.0 
7.5 
24 


E 


3.0 
7.5 
24 


mA 


iss 


Quiescent Supply Current 


Vin=VDDOrVss 
lout=O^A 


3.0 
5.0 
9.0 


— 


800 
1200 
1600 


— 


800 
1200 
1600 


- 


1600 
2400 
3200 


jiA 


Vin 


InputVoltage — fjn.OSCjn 


Input ac-coupled sine wave 


~ 


500 


- 


500 


- 


500 


- 


mVp-p 


V|L 


Low-Level Input Voltage — 
fin.OSCin 


Vout^2.1V Input dc- 
Vout^3.5 V coupled 
Vout^ 6.3 V square wave 


3.0 
5.0 
9.0 


— 







— 







E 







V 


V|H 


High-Level InputVoltage — 
fin. OSCjn 


Vout^O.QV Input dc- 
Vout^1-5V coupled 
Vout ^2.7 V square wave 


3.0 
5.0 
9.0 


3.0 
5.0 
9.0 


E 


3.0 
5.0 
9.0 


— 


3.0 
5.0 
9.0 


— 


V 


V|L 


Low-Level Input Voltage — 
except fin, OSCjp 




3.0 
5.0 
9.0 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


V 


V|H 


High-Level InputVoltage — 
except fjn, OSCjn 




3.0 
5.0 
9.0 


2.1 
3.5 
6.3 


— 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


E 


V 


•in 


Input Current (fjn, OSCjn) 


Vin=VDDorVss 


9.0 


±2.0 


±50 


±2.0 


±25 


±2.0 


±22 


ma 


l|L 


Input Leakage Current 

(all inputs except fjn, OSCjn) 


V|n=Vss 


9.0 


— 


-0.3 


— 


-0.1 


— 


-1.0 


ha 


l|H 


Input Leakage Current 

(all inputs except fjn, OSCjn) 


Vin=VDD 


9.0 


— 


0.3 


— 


0.1 


— 


1.0 


ha 


Cin 


Input Capacitance 




- 


- 


10 


- 


10 


- 


10 


PF 



(continued) 
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ELECTRICAL CHARACTERISTICS— continued (Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


-AO^C 


25*'C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Vol 


Low-Level Output Voltage 
— OSCout 


lout^'OnA 
V|n=VDD 


3.0 
5.0 
9.0 


- 


0.9 
1.5 
2.7 


— 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


V 


VOH 


High-Level Output Voltage 
— OSCout 


lout^O^A 
Vin=Vss 


3.0 
5.0 
9.0 


2.1 
3.5 
6.3 


E 


2.1 
3.5 
6.3 


— 


2.1 
3.5 
6.3 


E 


V 


Vol 


Low-Level Output Voltage 
— Other Outputs 


lout^O^A 


3.0 
5.0 
9.0 


E 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


V 


VOH 


High-Level Output Voltage 
— Other Outputs 


lout^O^A 


3.0 
5.0 
9.0 


2.95 
4.95 
8.95 




2.95 
4.95 
8.95 


- 


2.95 
4.95 
8.95 


- 


V 


"OL 


Low-Level Sinking Current 
— Modulus Control (MC) 


Vout=0.3V 
Vout=0.4V 
Vout=0.5V 


3.0 
5.0 
9.0 


1.3 
1.9 
3.8 


- 


1.1 
1.7 
3.3 


— 


0.66 
1.08 
2.1 


— 


mA 


'OH 


High-Level Sourcing Current 
— Modulus Control (MC) 


Vout=2.7V 
Vout=4.6V 
Vout=8.5V 


3.0 
5.0 
9.0 


-0.6 
-0.9 
-1.5 


— 


-0.5 
-0.75 
-1.25 


— 


-0.3 
-0.5 
-0.8 


— 


mA 


iOL 


Low-Level Sinking Current 
— Lock Detect (LD) 


Vout=0.3V 
Vout=0.4V 
Vout=0.5V 


3.0 
5.0 
9.0 


0.25 
0.64 
1.3 


— 


0.2 
0.51 
1.0 


- 


0.15 
0.36 
0.7 




mA 


'OH 


High-Level Sourcing Current 
— Lock Detect (LD) 


Vout=2.7V 
Vout=4.6V 
Vout=8.5V 


3.0 
5.0 
9.0 


-0.25 
-0.64 
-1.3 


E 


-0.2 
-0.51 
-1.0 


— 


-0.15 
-0.36 
-0.7 


— 


mA 


"OL 


Low-Level Sinking Current 
— Other Outputs 


Vout=0.3V 
Vout=0.4V 
Vout=0.5V 


3.0 
5.0 
9.0 


0.44 
0.64 
1.3 


E 


0.35 
0.51 
1.0 




0.22 
0.36 
0.7 


- 


mA 


'oh 


High-Level Sourcing Current 
— Other Outputs 


Vout=2.7V 
Vout=4.6V 
Vout=8.5V 


3.0 
5.0 
9.0 


-0.44 
-0.64 
-1.3 


— 


-0.35 
-0.51 
-1.0 


— 


-0.22 
-0.36 
-0.7 


~ 


mA 


loz 


Output Leakage Current 
-PDout 


Vout=VDDorVss 
Output in Off State 


9.0 


— 


±0.3 


— 


±0.1 


— 


±1.0 


VlA 


Gout 


Output Capacitance — PDout 


PDout — Three-State 


- 


- 


10 


- 


10 


- 


10 


PF 
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AC ELECTRICAL CHARACTERISTICS (Cl=50 pF, Input tr=tf= 10 ns) 



Symbol 


Parameter 


Figure 

# 


VPD 
V 


Guaranteed Limit 
25°C 


Guaranteed Limit 
-40°Cto+85°C 


Unit 


tPLH. tPHL 


Maximum Propagation Delay, fjn to MC 


1,6 


3.0 
5.0 
9.0 


110 
60 
35 


120 
70 
40 


ns 


tw 


Output Pulse Width, (t)R, ^y, and LD with Ir in 
Phase with fv 


2,6 


3.0 
5.0 
9.0 


25 to 200 
20 to 100 
10 to 70 


25 to 260 
20 to 125 
10 to 80 


ns 


tTLH 


Maximum Output Transition Time, MC 


3,6 


3.0 
5.0 
9.0 


115 
60 
40 


115 
75 
60 


ns 


tjHL 


Maximum Output Transition Time, MC 


3,6 


3.0 
5.0 
9.0 


60 
34 
30 


70 
45 
38 


ns 


tJLH. tjHL 


Maximum Output Transition Time, LD 


3,6 


3.0 
5.0 
9.0 


180 
90 
70 


200 
120 
90 


ns 


tJLH. tjHL 


Maximum Output Transition Time, Other Outputs 


3,6 


3.0 
5.0 
9.0 


160 
80 
60 


175 
100 
65 


ns 


tsu 


Minimum Set-Up Time, Data to ST 


4 


3.0 
5.0 
9.0 


10 
10 
10 


TBD 
TBD 
TBD 


ns 


tsu 


Minimum Set-Up Time, Address to ST 


4 


3.0 
5.0 
9.0 


25 
20 
15 


TBD 
TBD 
TBD 


ns 


th 


Minimum Hold Time, Address to ST 


4 


3.0 
5.0 
9.0 


10 
10 
10 


TBD 
TBD 
TBD 


ns 


th 


Minimum Hold Time, Data to ST 


4 


3.0 
5.0 
9.0 


25 
20 
15 


TBD 
TBD 
TBD 


ns 


tw 


Minimum Input Pulse Width, ST 


5 


3.0 
5.0 
9.0 


40 
30 
20 


TBD 
TBD 
TBD 


ns 



Figure 1 . 



tTLH ■ 
ANY OUTPUT 



90% 
10% 



Figure 3. 



ST 



50% 



Figure 5. 



tTHL- 



SWITCHING WAVEFORMS 




Vdd 
vss 



<1>R. (1)V. LD* 

*fR in phase with fy 



50% 



Figure 2. 



DATA OR 
ADDRESS 



V50% 



■ 'su""*" 



ST 



J^50%\ 



Figure 4. 



DEVICE 
UNDER 
TEST 



TEST POINT 
Q 



OUTPUT 



-r cl 



*lncludes all probe and jig capacitance. 
Figure 6. Test Circuit 



Vdd 
Vss 
Vdd 
Vss 
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FREQUENCY CHARACTERISTICS (Voltages Referenced to Vss. Cl=50 pF, Input tr=tf=10 ns unless otherwise specified) 



Symbol 


Parameter 


Test Condition 


vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


fi 


Input Frequency (fjn, OSCjn) 


R^8,A>0,N>8 
Vjn=500 mVp-p ac-coupled 
sine wave 


3.0 
5.0 
9.0 


- 


6.0 
15 
15 


- 


6.0 
15 
15 


- 


6.0 
15 
15 


MHz 


R>8,A>0, N>8 

Vjn= 1.0 Vp-p ac-coupled 

sine wave 


3.0 
5.0 
9.0 


- 


12 
22 
25 


— 


12 
20 
22 


— 


7.0 
20 
22 


MHz 


R>8,A>0, N>8 
Vin=VDDtoVss 
dc-coupled square wave 


3.0 
5.0 
9.0 


- 


13 
25 
25 


- 


12 
22 
25 


- 


8.0 
22 
25 


MHz 



REFERENCE 
(OSCin^R). 

fv 

FEEDBACK 
(fin^N). 



PDout" 



<t>R 



<1>V 



LD 



Ji 



U 



— Vh 

Vl 

Vh 



E 



Vl 

— Vh 

high impedance 



¥ 



•Vl 
Vh 



— Vl 
Vh 



— Vl 
— Vh 



— Vl 



Vh = High voltage level 
Vl=Low voltage level 

*At this point, when both fR and fy are in phase, the output is forced to near mid supply. 
Note: The PDout generates error pulses during out-of-iock conditions. When locked in phase and frequency, 
the output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor. 



Figure 7. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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PIN DESCRIPTIONS 

D0-D3 

Data Inputs (Pins 2, 1, 20, 19) 

Information at these inputs is transferred to the internal 
latches when the ST input Is in the high state. D3 (Pin 19) 
is the most significant bit. 

Frequency Input (Pin 3) 

Input to -^N Portion of Synthesizer, fjn is typically derived 
from loop VCO and Is ac coupled Into Pin 3. For larger 
amplitude signals (standard CMOS-logic levels) dc coupling 
may be used. 

vss 

Ground (Pin 4) 

Circuit Ground. 

PDout 

Single-Ended Phase Detector Output (Pin 5) 

Three-state output of phase detector for use as loop error 
signal. 
Frequency fv>fR orfy Leading: Negative Pulses 
Frequency fv<fR or fv Lagging: Positive Pulses 
Frequency fv=fR and Phase Coincidence: 
High-Impedance State 

vdd 

Positive Power Supply (Pin 6) 

The positive supply voltage may range from 3.0 to 9.0 V 
with respect to Vss- 

OSCjn/OSCout 

Reference Oscillator Input/Output (Pins 7 and 8) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjn to ground and OSCout to 
ground. OSCjn may also serve as input for an externally-gen- 
erated reference signal. This signal is typically ac coupled 
to OSCjn, but for larger amplitude signals (standard 
CMOS-logic levels) dc coupling may also be used. In the 
external reference mode, no connection is required to 
OSCout- 

A0-A2 

Address Inputs (Pins 9, 10, 11) 

AO, A1 , and A2 are used to define which latch receives the 
Information on the data input lines. The addresses refer to the 
following latches: 



A2 


A1 


AO 


Selected 


Function 


DO 


D1 


D2 


D3 











Latch 


^A Bits 





1 


2 


3 








1 


Latch 1 


4-A Bits 


4 


5 


6 


— 





1 





Latch 2 


^N Bits 





1 


2 


3 





1 


1 


Latch 3 


^N Bits 


4 


5 


6 


7 


1 








Latch 4 


-^N Bits 


8 


9 


— 


— 


1 





1 


Latch 5 


Reference Bits 





1 


2 


3 


1 


1 





Latch 6 


Reference Bits 


4 


5 


6 


7 


1 


1 


1 


Latch 7 


Reference Bits 


8 


9 


10 


11 



ST 

Strobe Transfer (Pin 12) 

The rising edge of strobe transfers data into the addressed 
latch. The falling edge of strobe latches data into the latch. 
This pin should normally be held low to avoid loading latches 
with invalid data. 

LD 

Lock Detector (Pin 13) 

High level when loop is locked (fp, fv of same phase and 
frequency). Pulses low when loop is out of lock. 

MC 

Modulus Control (Pin 14) 

Signal generated by the on-chip control logic circuitry for 
controlling an external dual-modulus prescaler. The modulus 
control level Is low at the beginning of a count cycle and 
remains low until the -s-A counter has counted down from its 
programmed value. At this time, modulus control goes high 
and remains high until the -^ N counter has counted the rest 
of the way down from its programmed value (N-A additional 
counts since both -^ N and -^ A are counting down during the 
first portion of the cycle). Modulus control is then set back 
low, the counters preset to their respective programmed 
values, and the above sequence repeated. This provides for 
a total programmable divide value (Nt) = N • P+A where P 
and P+ 1 represent the dual-modulus prescaler divide values 
respectively for high and low modulus control levels; N the 
number programmed into the -s- N counter and A the number 
programmed into the -^A counter. 

fv 

-5-N Counter Output (Pin 15) 

This pin is the output of the -5- N counter that is internally 
connected to the phase detector Input. With this output 
available, the -^ N counter can be used Independently. 

<t>V. <t)R 

Phase Detector Outputs (Pins 16 and 17) 

These phase detector outputs can be combined externally 
for a loop error signal. A single-ended output is also available 
for this purpose (see PDout)- 

If frequency fy is greater than fR or if the phase of fv is 
leading, then error information is provided by c^v pulsing low. 
(t)R remains essentially high. 

If the frequency fv is less than fR or If the phase of fv is 
lagging, then error information is provided by (t)R pulsing low. 
(t)v remains essentially high. 

If the frequency of fv = fR and both are in phase, then both 
<t>V and <t>R remain high except for a small minimum time period 
when both pulse low in phase. 

fR 

-5-R Counter Output (Pin 18) 

This is the output of the -^ R counter that is internally 
connected to the phase detector input. With this output 
available, the -^ R counter can be used independently. 
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DESIGN CONSIDERATIONS 

PHASE-LOCKED LOOP — LOW-PASS FILTER DESIGN 



^) PDout 

<1>R — - 
(j)V — 



-WAr- 

R1 



-vco 



(On 



^ 



-<})KVC0 



NRiC 
N(On 



B) PDout 



<1>R •— 
(})V — 



WA/ » 

Ri 1 
- R2I 



-vco 



T 



F(s) = 



o)n = 



F(s) = 



2K,j,Kvco 

1 
RlsC+1 



K(|)KvcO 
NC(Ri+R2) 

C= 0.5con ( R2C + 



('^''1^) 



R2SC + 1 
(Rl+R2)sC + 1 



C) PDout — 




t%i 



VCO 



/ K(|)Kvco 
/ NCRi 

conR2C 



ASSUMING GAIN A IS VERY LARGE, THEN: 
R2SC + 1 



F(s) = 



RlsC 



NOTE: Sometimes R-| Is split into two series resistors each Ri-i-2. A capacitor Cc is then placed from the midpoint to ground 

to further filter ^\/ and ())r. The value of Cc should be such that the corner frequency of this network does not significantly 
affect cop. 

DEFINITIONS: 
N= Total Division Ratio in feedback loop 
K,j, (Phase Detector Galn)= Vdd/471 for PDout 
K(j) (Phase Detector Gain)= Vdd/271 for ^y and (|)r 

27iAfvcO 
Kvco (VCO Gain) = ^^^^^ 

Damping Factor: ^ « 1 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lntersclence, 1980. 
Blanchard, Alain, Phase-Locl<ed Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William R, Frequency Synthesis by Phase Locl<. New York, Wiley-lnterscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Lociced Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Coolcbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1 970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 
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DESIGN CONSIDERATIONS 
CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency 
synthesizers. The most desirable is discussed first. 
Use Of A Hybrid Crystal Oscillator 

Commercially available temperature-compensated 
crystal oscillators (TCXOs) or crystal-controlled data clock 
oscillators provide very stable reference frequencies. An 
oscillator capable of sinking and sourcing 50 |xA at CMOS 
logic levels may be direct or dc coupled to OSCjn. In 
general, the highest frequency capability is obtained 
utilizing a direct-coupled square wave having a rail-to-rail 
(Vdd to Vss) voltage swing. If the oscillator does not have 
CMOS logic levels on the outputs, capacitive or ac 
coupling to OSCjn may be used. OSCout. an unbuffered 
output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design An Off-chip Reference 

The user may design an off-chip crystal oscillator using 
ICs specifically developed for crystal oscillator applica- 
tions, such as the MC1 2061 MECL device. The reference 
signal from the MECL device is ac coupled to OSCjn. For 
large amplitude signals (standard CMOS logic levels), 
dc coupling is used. OSCout. ^^ unbuffered output, 
should be left floating. In general, the highest frequency 
capability is obtained with a direct-coupled square wave 
having rail-to-rail voltage swing. 
Use Of The On-chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference 
source frequency. A fundamental mode crystal, parallel 
resonant at the desired operating frequency, should be 
connected as shown In Figure 8. 

For Vdd = 5.0 V, the crystal should be specified for a 
loading capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately 8.0 MHz, 20 pF for frequen- 
cies in the area of 8.0 to 15 MHz, and 10 pF for higher 
frequencies. These are guidelines that provide a reason- 
able compromise between IC capacitance, drive cap- 
ability, swamping variations in stray and IC input/output 
capacitance, and realistic Cl values. The shunt load 
capacitance, Cl, presented across the crystal can be 
estimated to be: 



Cl = 



CjnCout 
Cin+Cout 



■ Ca + Co 



C1 *C2 
Cl +C2 



where 

Cjn =5.0 pF (see Figure 9) 

Cout =6.0 pF (see Figure 9) 

Ca = 1 .0 pF (see Figure 9) 

Co =the crystal's holder capacitance (see Figure 1 0) 
Cl and C2=external capacitors (see Figure 8) 



time. In some cases, stray capacitance should be added 
to the value for Cjn and Cout- 

Power is dissipated in the effective series resistance 
of the crystal. Re, in Figure 10. The drive level specified 
by the crystal manufacturer is the maximum stress that 
a crystal can withstand without damaging or excessive 
shift in frequency. R1 in Figure 8 limits the drive level. The 
use of R1 may not be necessary in some cases (i.e., 
R1=0ohms). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout- (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as the dc supply voltage is increased. An 
overdriven crystal will decrease in frequency or become 
unstable with an increase in supply voltage. The 
operating supply voltage must be reduced or R1 must be 
increased in value if the overdriven condition exists. The 
user should note that the oscillator start-up time is 
proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have 
developed expertise in CMOS oscillator design with 
crystals. Discussions with such manufacturers can prove 
very helpful. See Table 1. 



r 
I 

L 



„ FREQUENCY 

f^f SYNTHESIZER 

-AAA^ 



cTI 



i> 



J 



01 ^T^ ^T^ 02 



OSCout 



T 



*May be deleted in certain cases. See text. 
Figure 8. Pierce Crystal Oscillator Circuit 



T 



^ 



T 



Figure 9. Parasitic Capacitances of the Amplifier 



Rs ^S 



2 1 



1 1-1 2 

o 1[]| o = 



CS 



Co 

Re Xe 2 



The oscillator can be "trimmed" on-f requency by making 
a portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the 
OSCjn and OSCout P'ns to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization 



Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 10. Equivalent Crystal Networks 



MC1 451 46-2 
2-520 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Table 1. Partial List of Crystal Manufacturers 



Name 


Address 


Piione 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 


3605 McCart St.. Ft. Worth, TX 76110 
2371 Crystal Dr., Ft. Myers, FL 33907 
512 N. Main St., Orange, CA 92668 


(817)921-3013 
(813)936-2109 
(714)639-7810 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this 
is a complete listing of crystal manufacturers. 



RECOMIVIENDED READING 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, "The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

DUAL-MODULUS PRESCALING 
OVERVIEW 

The technique of dual-modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice in system resolution and 
performance that results if a fixed (single-modulus) divider Is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P+1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P+1 divide 
values in the range of -i-3/-4-4 to +1 28/4-1 29 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MC1 451 46-2 are: 



DESIGN GUIDELINES 

The system total divide value, Ntotal (Nt) will be dictated 
by the application, i.e. 



MC12009 


-H5/-^6 


440 MHz 


MC12011 


-8/-9 


500 MHz 


MC12013 


-5-10/+11 


500 MHz 


MC12015 


+32/4-33 


225 MHz 


MC12016 


-^-40/4-41 


225 MHz 


MC12017 


^64/-^65 


225 MHz 


MC12018 


-^128/-4-129 


520 MHz 


MC12022A 


^64/65 or ^128/129 


1.1 GHz 


MC12032A 


-^64/65or-^128/129 


2.0 GHz 



Nt = 



frequency into the prescaler 
frequency into the phase detector 



= N . P+A 



N is the number programmed into the -?- N counter, A is 
the number programmed into the +A counter, P and P+1 
are the two selectable divide ratios available in the 
dual-modulus prescalers. To have a range of Ny values in 
sequence, the -*- A counter is programmed from zero through 
P-1 for a particular value N in the -j-N counter. N is then 
incremented to N + 1 and the -+- A is sequenced from through 
P-1 again. 

There are minimum and maximum values that can be 
achieved for Nj. These values are a function of P and the 
size of the -*- N and -*- A counters. The constraint N > A always 
applies.lfAmax=P-1.thenNmin^P-1-ThenNTmin=(P-1) 
P+A or (P-1) P since A is free to assume the value of 0. 

Njmax = Nmax • P + Amax 

To maximize system frequency capability, the dual-modulus 
prescaler output must go from low to high after each group 
of P or P+1 input cycles. The prescaler should divide by P 
when Its modulus control line is high and by P + 1 when its 
modulus control is low. 

For the maximum frequency into the prescaler (fvco n^ax), 
the value used for P must be large enough such that: 

1 . fvco "T^ax divided by P may not exceed the frequency 
capability of fip (input to the + N and ^ A counters). 

2. The period of fvcO divided by P must be greaterthan the 
sum of the times: 

a. Propagation delay through the dual-modulus 
prescaler. 

b. Prescaler setup or release time relative to its 
modulus control signal. 

c. Propagation time from fin to the modulus control 
output for the frequency synthesizer device. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 451 46-2 
2-521 



A sometimes useful simplification in the programming code 
can be achieved by choosing the values for P of 8, 1 6, 32, 
or 64. For these cases, the desired value of Nj results when 
Nj in binary is used as the program code to the -i-N and -j-A 
counters treated in the following manner: 

1 . Assume the -s- A counter contains "a" bits where 2a> P. 

2. Always program all higher order -^ A counter bits above 
"a" too. 

3. Assume the -f-N counter and the -^A counter (with all 
the higher order bits above "a" ignored) combined into 
a single binary counter of n + a bits in length 
(n = number of divider stages in the -5- N counter). The 
MSB of this "hypothetical" counter is to correspond to 
the MSB of -^N and the LSB is to correspond to the 
LSB of H- A. The system divide value, Nj, now results 
when the value of N j in binary is used to program the 
"new" n + a bit counter. 

By using the two devices, several dual-modulus values are 
achievable (shown in Figure 11). 

APPLICATIONS 

The features of the MCI 451 46-2 permit bus operation with 
a dedicated wire needed only for the strobe input. In a 
microprocessor-controlled system this strobe input is ac- 
cessed when the phase lock loop is addressed. The remaining 
data and address inputs will directly interface to the 
microprocessor's data and address buses. 

The device architecture allows the user to establish any 
integer reference divide value between 3 and 4095. The 
wide selection of +R values permits a high degree of 
flexibility in choosing the reference oscillator frequency. 



As a result the reference oscillator can frequently be 
chosen to serve multiple system functions such as a 
second local oscillator in a receiver design or a 
microprocessor system clock. Typical applications that 
take advantage of these MCI 451 46-2 features including 
the dual modulus capability are shown in Figures 12, 13, 
and 14. 



MC 



DEVICE A 



Tl I 



-^ — DEVICE B | -*— 



IVIC12011 



MC12013 



DEVICE 
V B 

DEVICE A\ MC12009 
MC10131 
MC10138 

MC10154 



NOTE: MCI 2009, MC1 2011, and MCI 201 3 are pin equivalent. 
MC12015, MC12016,and MC12017arepin equivalent. 

Figure 11. Dual Modulus Values 



^20/-j-21 


^32/H-33 


H-40/^41 


-i-50/+51 


-^807+81 


+1007+101 


+40M1 

OR 
-^807+81 


^647-^65 

OR 

-i-1287-^129 


+807+81 



KEYBOARD 




CMOS MICROCOMPUTER CONTROLLER 



NOTES: 

1 . For FM: Channel spacing = f r = 25 kHz, R = 1 60. 
For AM: Channel spacing =fR=1 kHz, R=4000. 

2. Various channel spacings and reference oscillator frequencies can be chosen since any 
R value from 3 to 4095 can be established. 

3. Data and address lines are inactive and high impedance when pin 12 is low. Their interface 
with the controller may therefore be shared with other system functions if desired. 
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Figure 12. FM/AM Broadcast Radio Synthesizer 
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fin 
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r 



^°^i^ilm^^ RECEIVER L.O. 

SIGNAL 443 325 _». 443.950 MHz 

(25 kHz STEPS) 




LOOP 
FILTER 



VCO 



CHOICE OF DETECTOR 
ERROR SIGNALS 



^h 



TRANSMIHER 

MODULATION 

AND 15 .7 MHz 

OFFSET 



TRANSMIHER SIGNAL 

459.025-459.650 MHz 

(25 kHz STEPS) 



MC12022APRESCALER 



~N — 



CHIP 

TO SHARED CONTROLLER BUS SELECT TO 
CONTROLLER 
NOTES: 

1 . Receiver I.F. = 1 0.7 MHz, low side injection. 

2. Duplex operation with 5 MHz receive/transmit separation. 

3. fR=25 kHz, -*- R chosen to correspond with desired reference oscillator frequency. 

4. Ntotal = 1 7,733 to 1 7,758 = N . P + A; N = 277, A = 5 to 30 for P = 64. 



Figure 13. Synthesizer for UHF l\/!obile Radio Telephone Channels Demonstrates use of the MC1 451 46-2 in 
Microprocessor/Microcomputer Controlled Systems Operating to Several Hundred MHz 
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TRANSMITTER SIGNAL 

825.030 -*- 844.980 MHz 

(30 kHz STEPS) 



TO SHARED CONTROLLER BUS CONTROLLER 



+32/ +33 DUAL MODULUS PRESCALER 



NOTES: 

1. Receiver 1st I.F.=45 MHz, low side injection; Receiver 2nd I.F. = 11.7 MHz , low side injection. 

2. Duplex operation with 45 MHz receive/transmit separation. 

3. fR=7.5 kHz, ^R= 1480. 

4- Ntotal = N. 32 +A= 27,501 to 28,166; N = 859 to 880; A=0 to 31. 

5. Only one implementation is shown. Various other configurations and dual modulus prescaling values to h-i 287-^1 29 are possible. 

Figure 14. 666 Channel, Computer Controlled, Mobile Radio Telephone Synthesizer for 
800-MHz Cellular Radio Systems 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Dual PLL Frequency Synthesizer 

Interfaces with Dual-Modulus Prescalers 

The MC145149 contains two PLL Frequency Synthesizers which share a 
common serial data port and common reference oscillator. The device 
contains two 14-stage R counters, two 10-stage N counters, and two 7-stage 
A counters. All six counters arc fully programmable through a serial port. The 
divide ratios are latched into the appropriate counter latch according to the 
last data bits (control bits) entered. 

When combined with external low-pass filters and voltage controlled 
oscillators (VCOs), the MC145149 can provide all the remaining functions 
for two PLL frequency synthesizers operating up to the device's frequency 
limit. For higher VCO frequency operation, a down mixer or dual-modulus 
prescaler can be used between the VCO and the synthesizer IC. 

• Low Power Consumption Through Use of CMOS Technology 

• Wide Operating Voltage Range: 3 to 9 V 

• Operating Temperature Range: - 40 to +85°C 

• -^ R Range =3 to 16,383 

• -^N Range=3to 1023 

• -^ARange=Oto 127 

• Two "Linearized" Three-State Digital Phase Detectors with No Dead Zone 

• Two Lock Detect Signals (LD1 and LD2) 

• Two Open-Drain Port Expander Outputs (SW1 and SW2) 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 



MCI 451 49 





P SUFFIX 

PLASTIC DIP 
CASE 738 



DW SUFFIX 

SOG 
CASE 751 D 



ORDERING INFORMATION 

MC145149P Plastic DIP 
MC145149DW SOG Package 



PIN ASSIGNMENT 



LD1 [ 1 • 

MC1 [ 2 

ENB [ 3 

^in1 [ 4 

DATA [ 5 

CLK [ 6 

fin2 [ 7 

S/Rout [ 8 

MC2 [ 9 

LD2 [ 10 



20 ] Vssi 

19 ] PDoutI 

18 ] Vddi 

17 ] SW1 

16 ] OSCout 

] OSCin 

] SW2 

] VdD2 

] PDout2 

] VsS2 
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BLOCK DIAGRAM 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to +10 


V 


Vin.Vout 


Input or Output Voltage (DC or Transient) except 
SW1,SW2 


-0.5toVDD+0.5 


V 


Vout 


Output Voltage (DC or Transient)— SW1 , SW2 


-0.5 to 15 


V 


'in. 'out 


Input or Output Current (DC or Transient), per Pin 


±10 


mA 


Idd. Iss 


Supply Current, Vqd or Vss Pins 


±30 


mA 


Pd 


Power Dissipation, per Package t 


500 


mW 


Tstq 


Storage Temperature 


-65 to + 150 


»C 


Tl 


Lead Temperature (8-Second Soldering) 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur, 
t Power Dissipation Temperature Derating: 

Plastic DIP: -12 mW/°C from 65 to 85°C 

SOG Package: -7 mW/°C from 65 to 85°C 



This device contains circuitry to pro- 
tect against damage due to high static 
voltages or electric fields, however, it is 
advised that normal precautions betak- 
en to avoid applications of any voltage 
higher than maximum rated voltages to 
this high-Impedance circuit. For proper 
operation, it is recommended that V|n 
and Vout be constrained to the range 
Vss ^ (VjnorVout) ^ VoDexceptSWI 
and SW2 which may range up to 15 V. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss ^^ Vqd). Unused outputs 
should be left floating. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 



Symbol 


Characteristic 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Vdd 


Power Supply Voltage Range 


— 


3 


9 


3 


9 


3 


9 


V 


Vol 


Output Voltage Level 

Vin = 0VorVDD 
lout=O^A 

1 Level 


3 
5 
9 


— 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


— 


0.05 
0.05 
0.05 


V 


VOH 


3 
5 
9 


2.95 
4.95 
8.95 


— 


2.95 
4.95 
8.95 


— 


2.95 
4.95 
8.95 


- 


V|L 


Input Voltage Level 
Vout=0.5VorVDD-0.5V 
(All Outputs Except OSCout) 

1 Level 


3 
5 
9 


— 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


— 


0.9 
1.5 
2.7 


V 


V|H 


3 
5 
9 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


'oh 


Output Current— MCI, MC2 
Vout = 2.7 V Source 
Vout=4.6V 
Vout=8.5V 

Vout=0.3V Sink 

Vout=0.4V 

Vout=0.5V 


3 
5 
9 


-0.60 
-0.90 
-1.50 


- 


-0.50 
-0.75 
-1.25 


- 


-0.30 
-0.50 
-0.80 


- 


mA 


lOL 


3 
5 
9 


1.30 
1.90 
3.80 


- 


1.10 
1.70 
3.30 


— 


0.66 
1.08 
2.10 


- 


lOL 


Output Current— SW1 , SW2 
Vout=0.3V Sink 
Vout=0.4V 
Vout=0.5V 


3 
5 
9 


0.80 
1.50 
3.50 


- 


0.48 
0.90 
2.10 


- 


0.24 
0.45 
1.50 


- 


mA 


'oh 


Output Current— Other Outputs 
Vout = 2.7 V Source 
Vout=4.6V 
Vout=8.5V 

Vout=0.3V Sink 

Vout=0.4V 

Vout=0.5V 


3 
5 
9 


-0.44 
-0.64 
-1.30 


- 


-0.35 
-0.51 
-1.00 


- 


-0.22 
-0.36 
-0.70 


- 


mA 


lOL 


3 
5 
9 


0.44 
0.64 
1.30 


- 


0.35 
0.51 
1.00 


— 


0.22 
0.36 
0.70 


— 


lin 


Input Current— DATA, CLK, ENB 


9 


— 


±0.3 


— 


±0.1 


— 


±1.0 


HA 


"in 


Input Current— fjn, OSCjn 


9 


— 


±50 


— 


±25 


— 


±22 


^A 


Cin 


Input Capacitance 


— 


— 


10 


— 


10 


— 


10 


PF 


Cout 


Three-State Output Capacitance— PDout 


— 


— 


10 


— 


10 


— 


10 


PF 



(continued) 
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ELECTRICAL CHARACTERISTICS — continued (Voltages Referenced to Vss) 



Symbol 


Characteristic 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


'dd 


Quiescent Current 
Vin=OVorVDD 
lout=O^A 


3 
5 
9 


E 


800 
1200 
1600 


E 


800 
1200 
1600 


— 


1600 
2400 
3200 


^A 


loz 


Three-State Leakage Current— PDout Vout= V or 9 V 


9 


- 


±0.3 


- 


±0.1 


- 


±3.0 


^A 


loz 


Off-State Leakage Current— SW1, SW2 Vout=9 V 


9 


— 


0.3 


— 


0.1 


— 


3.0 


HA 


SWITCHING CHARACTERISTICS (Ta = 25°C. Cl = 50 pF) 


Symbol 


Characteristic 


Figure # 


Vdd 

V 


Min 


Max 


Unit 


tTLH 


Output Rise Time, MC1 and MC2 


1.6 


3 
5 
9 


— 


115 
60 
40 


ns 


tjHL 


Output Fall Time, MC1 and MC2 


1.6 


3 
5 
9 


— 


60 
34 
30 


ns 


tjLH. 
tTHL 


Output Rise and Fall Time, LD and S/Rout 


1,6 


3 
5 
9 


— 


140 
80 
60 


ns 


tPLH. 
tPHL 


Propagation Delay Time, fjn to MC1 or MC2 


2,6 


3 
5 
9 


— 


125 
80 
50 


ns 


tsu 


Setup Time, DATA to CLK 


3 


3 
5 
9 


30 
20 
18 


— 


ns 


tsu 


Setup Time, CLK to ENB 


3 


3 
5 
9 


70 
32 
25 


— 


ns 


th 


Hold Time, CLK to DATA 


3 


3 
5 
9 


12 
12 
15 


- 


ns 


tree 


Recovery Time, ENB to CLK 


3 


3 
5 
9 


5 
10 
20 


— 


ns 


tr.tf 


Input Rise and Fall Times, Any Input 


4 


3 
5 
9 


— 


5 
2 
0.5 


HS 


tw 


Input Pulse Width, ENB and CLK 


5 


3 
5 
9 


40 
35 
25 


- 


ns 
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FREQUENCY CHARACTERISTICS (Voltages Referenced to Vss, Cl = 50 pF, Input tr = tf = 10 ns unless otherwise Indicated) 



Symbol 


Parameter 


Test Conditions 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


fi 


Input Frequency 
(fin. OSCin) 


R>8,A>0,N>8 
Vin=500mVp-p 
ac-coupled sine wave 


3 
5 
9 


- 


6 
15 
15 


z 


6 
15 
15 


E 


6 
15 
15 


MHz 


R>8,A>0,N>8 
Vin=VDDtoVss 
dc-coupled square wave 


3 
5 
9 




6 
15 
15 




6 
15 
15 


- 


6 
15 
15 


MHz 



SWITCHING WAVEFORMS 




Figure 1. 




Figure 2. 



DATA 




PREVIOUS DATA 
LATCHED 



ANY 
INPUT 



/ 



90% 
10% 




Vdd 
Vss 



Figure 4. 



Figure 3. 



ENB, CLK 



T 50% 



OUTPUT 



-Vdd 
•Vss 




T= Cl 



Figure 5. 



Figure 6. 
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PIN DESCRIPTIONS 



INPUTS 



OSCjn, OSCout 

Reference Oscillator Input/Output (Pins 15, 16) 

These pins form a reference oscillator when connected 
to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate value must be 
connected from OSCjn and OSCout to ground. 

OSCjn may also serve as input for an externally-generated 
reference signal. The signal is typically ac-coupled to OSCjn, 
but for signals with CMOS logic levels, do coupling may be 
used. When used with an external reference, OSCout should 
be left open. 

^inl > *in2 

Frequency Inputs (Pins 4, 7) 

Input frequency from an external VCO output. Each 
rising-edge signal on fjni decrements the N counter, and 
when appropriate, the A counter of PLL 1. Similarly, fjna 
decrements the counters of PLL 2. 

These inputs have inverters biased on the linear region 
which allows ac coupling for signals as low as 500 mVp-p. 
With square wave signals which swing from Vss to Vdd. 
dc coupling may be used. 

DATA, CLK 

Data, Clock Inputs (Pins 5, 6) 

Shift register data and clock inputs. Each low-to-high 
transition on the clock pin shifts one bit of data into the on-chip 
shift registers. Refer to Figure 7 for the following discussion. 

The last bit entered is a steering bit that determines which 
set of latches are activated. A logic high selects the latches 
for PLL 1 . A logic low selects PLL 2. 

The second-to-last bit controls the appropriate port 
expander output, SW1 or SW2. A logic low forces the output 
low. A logic high forces the output to the high-impedance state. 

The third-to-last bit determines which storage latch is 
activated. A logic low selects the + A and +N counter latches. 
A logic high selects the reference counter latch. 

When writing to either set of -hA and +N counter latches, 
20 clock cycles are typically used. However, if a byte-oriented 
MCU is utilized, 24 clock cycles may be used with the first 
4 bits being "Don't Care." 

When writing to either reference counter latch, 17 clock 
cycles are typically used. However, if a byte-oriented MCU 
is utilized, 24 clock cycles may be used with the first 7 bits 
being "Don't Care". 

ENB 

Latch Enable Input (Pin 3) 

A positive pulse on this input transfers data from the shift 
registers to the selected latches, as determined by the control 
and steering data bits. A logic low level on this pin allows the 
user to shift data into the shift registers without affecting the 
data in the latches or counters. Enable Is normally held low 
and is pulsed high to transfer data into the latches. 

OUTPUTS 

PDoutI, PDout2 

Single-Ended Phase Detector Outputs (Pins 19, 12) 

Each single-ended (three-state) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCO (see Figure 8). 
Frequency fv>fR or fy Leading: Negative Pulses 
Frequency fv<fR or fv Lagging: Positive Pulses 



Frequencyfv=fRand Phase Coincidence: High-Impedance 
State 

S/Rout 

Shift Register Output (Pin 8) 

This output can be connected to an external shift register 
to provide band switching or control information. S/Rout may 
also be used to check the counter programming bit stream. 

MC1,MC2 

Modulus Control Outputs (Pins 2, 9) 

Each output generates a signal by the on-chip control logic 
circuitry for controlling an external dual-modulus prescaler. 
The modulus control level Is low at the beginning of a count 
cycle and remains low until the -s- A counter has counted down 
from its programmed value. At this time, modulus control 
goes high and remains high until the + N counter has counted 
the rest of the way down from its programmed value (N-A 
additional counts since both ^-N and h-A are counting down 
during the first portion of the cycle). Modulus control is then 
set back low, the counters are preset to their respective 
programmed values, and the above sequence is repeated. 
This provides for a total programmable divide value 
(Nj) = N • P + A where P and P + 1 represent the dual-mo- 
dulus prescaler divide values respectively for high and low 
modulus control levels, N the number programmed into the 
+ N counter, and A the number programmed into the -^A 
counter. 

Note that when a prescaler is needed, the dual-modulus 
version offers a distinct advantage. The dual-modulus 
prescaler allows a higher reference frequency at the phase 
detector input, increasing system performance capability, 
and simplifying the loop filter design. 

LD1, LD2 

Lock Detect Signals (Pins 1, 10) 

Each output is essentially at a high logic level when the 
corresponding loop is locked (fp and fv of the same phase 
and frequency). Each output pulses low when the correspond- 
ing loop is out of lock (see Figure 8). 

SW1,SW2 

Latched Open-Drain Switch Outputs (Pins 17, 14) 

The state of each output is controlled by the "SW STATE" 
bit shown in Figure 7. If the bit is a logic high, the corresponding 
SW output assumes the high-impedance state. If the bit Is low, 
the SW output goes low. 

To control output SW1, steering bit PLL 1/PLL 2 shown in 
Figure 7 must be high. To control SW2, bit PLL 1/PLL 2 must 
be low. 

These outputs have an output voltage range of Vss to 1 5 V. 

POWER SUPPLY 

VdD1,VdD2 

Positive Power Supply (Pins 18, 13) 

The most positive power supply potentials. Both of these 
pins are connected to the substrate of the chip. Therefore, 
both must be tied to the same voltage potential. This potential 
may range from 3 to 9 V with respect to the Vss P'ns. 

For optimum performance, VqdI should be bypassed to 
Vssi Qfid Vdd2 bypassed to Vss2- That is, two separate 
bypass capacitors should be utilized. 

VSS1.VSS2 

Negative Power Supply (Pins 20, 11) 

The most negative power supply potentials. Both of these 
pins should be tied to ground. 
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Figure 7. Bit Stream Formats 
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Note: The PD output state Is equal to either Vqd or Vss when active. When not active, the output is high 
Impedance and the voltage at that pin is determined by the low-pass filter capacitor. 



Figure 8. Phase Detector/Lock Detector Output Waveforins 
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A) PDout • 



-WAr- 

R1 



c =P 



vco 



(On = 



i 



^ = 



K<{)KvcO 
NRiC 
Ncon 



2K<j,KvcO 



F(s) = 



R-|sC+1 



B) PDout 




VCO 



(On 



= \j K(})Kvco 
K NC(Ri+R2) 



F(s) = 



C = 0.5 (On 

R2SC + 1 
(R1+R2) sC + 1, 



/ R2C.-J^ \ 



DEFINITIONS: 
N=Total Division Ratio in feedback loop 
K<j, (Phase Detector Gain)=VDD/47i for PDout 



KVCO (VCO Gain): 



2TCAfvco 
AVvco 



for a typical design (Op, (Natural Frequency) - 
Damping Factor: ^ ~ 1 



27ifr 
10 



(at phase detector input). 
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Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1 976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-lnterscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 



Figure 9. Phase-Locked Loop Low-Pass Filter Design 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to IVIotorola's CMOS frequency synthe- 
sizers. 
Use Of A Hybrid Crystal Oscillator 

Commercially available temperature-compensate crystal 
oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 |xA at CMOS logic levels 
may be direct or dc coupled to OSCjn- In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-to-rail (V'dd to v'ss) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCjn may be used. 
OSCout. ^^ unbuffered output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design An Off-chip Reference 

The user may design an off-chip crystal oscillator using ICs 
specifically developed for crystal oscillator applications, such 
as the MC12061 MECL device. The reference signal from the 
MECL device is ac coupled to OSCjn- For large amplitude 
signals (standard CMOS logic levels), dc coupling is used. 
OSCout. 3ri unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 
Use Of The On-chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 

For Vdd = 5.0 V, the crystal should be specified for a 
loading capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately 8 MHz, 20 pF for frequencies 
in the area of 8 to 1 5 MHz, and 1 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia- 
tions in stray and IC input/output capacitance, and realistic 
Cl values. The shunt load capacitance, Cl, presented across 
the crystal can be estimated to be: 



Cl = 



CinCout 



+ Ca + Co + 



C1 «C2 
C1+C2 



Cin+Cout 
where 

Cin=5 pF (see Figure 11) 

Cout=6 pF (see Figure 11) 

Ca=1 pF (see Figure 11) 

Co=the crystal's holder capacitance (see Figure 12) 
Cl and C2= external capacitors (see Figure 10) 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the 
OSCjn and OSCout P'^s to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
In some cases, stray capacitance should be added to the 



value for Cjn and Cout- 

Power is dissipated in the effective series resistance of the 
crystal. Re, in Figure 12. The drive level specified by the 
crystal manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 10 limits the drive level. The use of R1 may not 
be necessary in some cases (i.e., R1=0 Q). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of vo|tage at OSCout- (Care should be taken to 
minimize load-ing.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an increase in supply voiiage. The operating supply voltage 
must be reduced or R1 must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 1). 
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*May be deleted in certain cases. See text. 
Figure 10. Pierce Crystal Oscillator Circuit 
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Figure 11. Parasitic Capacitances of the Amplifier 
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Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 12. Equivalent Crystal Networks 
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Table 1. Partial List of Crystal Manufacturers 



Name 


Address 


Phone 


Unites States 
Crystal Corp. 

Crystek Crystal 
Statek Corp. 


3605 McCart St. 
Ft. Worth, TX 76110 

2371 Crystal Dr. 
Ft. Myers, FL 33907 

512 N. Main St. 
Orange, CA 92668 


(817)921-3013 
(813)936-2109 
(714)639-7810 



Note: Motorola cannot recommend one supplier over another and 
in no way suggests that this is a complete listing of crystal 
manufacturers. 

RECOMMENDED READING 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, "The Piezoelectric Crystal Unit- Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1 969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

DUAL-MODULUS PRESCALING 

OVERVIEW 

The technique of dual-modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice In system resolution and 
performance that results if a fixed (single-modulus) divider is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P+1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P+1 divide 
values in the range of -^SM to -i-128/-i-129 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MCI 451 49 are: 



MCI 2009 


■^5/-^6 


440 MHz 


MC12011 


4-8/-^9 


500 MHz 


MCI 201 3 


-^lOMI 


500 MHz 


MC12015 


-^32/-4-33 


225 MHz 


MC12016 


-^40/■^41 


225 MHz 


MC12017 


■^64/-^65 


225 MHz 


MC12018 


^128/^129 


520 MHz 


MC12022A 


-H64/65or-^128/129 


1.1GHz 


MC12032A 


■^64/65or-^128/129 


2.0 GHz 



DESIGN GUIDELINES 

The system total divide value, Ntotal (Nt) will be dictated 
by the application, i.e., 

frequency into the prescaler 



N is the number programmed into the + N counter, A is the 
number programmed into the -j- A counter, P and P+1 are the 
two selectable divide ratios available in the dual-modulus 
prescalers. To have a range of Nj values in sequence, the 
-i-A counter is programmed from through P-1 for a 
particular value N in the -j-N counter. N Is then incremented 
to N + 1 and the -s- A is sequenced from through P- 1 again. 

There are minimum and maximum values that can be 
achieved for Nj. These values are a function of P and the size 
of the +N and -j-A counters. 

The constraint N > A always applies. If Amax = P - 1 . then 
Nmin^P-1-Then NTmin=(P-1) P + Aor(P-1) P since 
A is free to assume the value of 0. 

NTmax = Nmax* P + Amax 

To maximize system frequency capability, the dual-modulus 
prescaler output must go from low to high after each group 
of P or P+1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when its 
modulus control Is low. 

For the maximum frequency into the prescaler (fvcC^i^x), 
the value used for P must be large enough such that: 

1 . fvco ^^^ divided by P may not exceed the frequency 
capability of f|n (input to the h-N and -5- A counters). 

2. The period of fvcO divided by P must be greater than the 

sum of the times: 

a. Propagation delay through the dual-modulus prescaler. 

b. Prescaler setup or release time relative to its modulus 
control signal. 

c. Propagation time from f jn to the modulus control output 

for the frequency synthesizer device. 
A sometimes useful simplification in the programming code 
can be achieved by choosing the values for P of 8, 1 6, 32, 
or 64. For these cases, the desired value of N j results when 
Nj in binary is used as the program code to the -^N and -^A 
counters treated in the following manner: 

1 . Assume the -^ A counter contains "a" bits where 2^> P. 

2. Always program all higher order h- A counter bits above "a" 

too. 

3. Assume the h-N counter and the -5- A counter (with all the 
higher order bits above "a" ignored) combined into a 
single binary counter of n+a bits in length (n=number of 
divider stages in the -^ N counter). The MSB of this "hypo- 
thetical" counter is to correspond to the MSB of -^N and 
the LSB is to correspond to the LSB of -^A. The system 
divide value, Nj, now results when the value of Nj in 
binary is used to program the "new" n + a bit counter. 

By using the two devices, several dual-modulus values are 
achievable: 

MC 







r ■ r 




1 




1 • 


DEVICE A 




DEVICES 



MCI 2009 



MC12011 



MC12013 



Nt = 



frequency into the phase detector 



:N.P + A 



DEVICE 

DEVICE a\ 
MC10131 
MC10138 

MC10154 



NOTE: MCI 2009, MCI 2011, and MCI 201 3 are pin equivalent. 
MCI 201 5, MCI 201 6, and MCI 201 7 are pin equivalent. 



-^20/4-21 


^32/^33 


^407-^41 


■4-50/-^51 


^80/-^81 


■^lOOMOl 


^40/^-41 

OR 
H-80/H-81 


^64/-^65 

OR 

^128M29 


^80/-^81 
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PLL Frequency Synthesizers 

CMOS 

The devices described in this document are typically used as low-power, 
phase-locked loop frequency synthesizers. When combined with an external 
low-pass filter and voltage-controlled oscillator, these devices can provide all the 
remaining functions for a PLL frequency synthesizer operating up to the device's 
frequency limit. For higher VCO frequency operation, a down mixer or a prescaler 
can be used between the VCO and the synthesizer IC. 

These frequency synthesizer chips can be found in the following and other 
applications: 



CATV 

AIVI/FM Radios 
Two-Way Radios 



TV Tuning 
Scanning Receivers 
Amateur Radio 



MCI 451 51 -2 
MCI 451 52-2 
MCI 451 55-2 
MCI 451 56-2 
MCI 451 57-2 
MCI 451 58-2 



osc 



-J-R 



CONTROL LOGIC 



-^N 



■^P/P + 1 



VCO 



^ OUTPUT 

FREQUENCY 

CONTENTS 

Page 
DEVICE DETAIL SHEETS 

MC145151-2 Parallel-Input, Single-Modulus 2-535 

MC145152-2 Parallel-Input, Dual-IVIodulus 2-538 

MC145155-2 Serial-Input, Single-Modulus 2-542 

MC145156-2 Serial-Input, Dual-Modulus 2-546 

MC145157-2 Serial-Input, Single-Modulus 2-550 

MC145158-2 Serial-Input, Dual-Modulus 2-553 

FAMILY CHARACTERISTICS 

Maximum Ratings 2-556 

DC Electrical Characteristics 2-556 

AC Electrical Characteristics 2-558 

Timing Requirements 2-559 
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Phase Detector/Lock Detector Output Waveforms 2-560 

DESIGN CONSIDERATIONS 

Phase-Locked Loop — Low-Pass Filter Design 2-561 
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Parallel-Input PLL Frequency 
Synthesizer 

Interfaces with Single-Modulus Prescalers 

The MC1 451 51-2 is programmed by 14 parallel-input data lines for the N 
counter and 3 input lines for the R counter. The device features consist of 
a reference oscillator, selectable-reference divider, digital-phase detector, 
and 14-bit programmable divide-by-N counter. 

The MCI 451 51 -2 is an improved-performance drop-in replacement for the 
MCI 451 51 -1 . The power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• On- or Off-Chip Reference Oscillator Operation 

• Lock Detect Signal 

• -4- N Counter Output Available 

• Single Modulus/Parallel Programming 

• 8 User-Selectable - R Values: 8, 128, 256, 512, 1024, 2048, 2410, 8192 

• H- N Range = 3 to 1 6383 

• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 

• Two Error Signal Options: Single Ended (Three-State) or Double Ended 

• Chip Complexity: 8000 FETs or 2000 Equivalent Gates 



PIN ASSIGNMENTS 



PLASTIC DIP 
and SOG PACKAGE 



tint 


^• 


28 


]LD 


vss[ 


2 


27 


] OSCin 


vdd[ 


3 


26 


] OSCout 


PDout [ 


4 


25 


] N11 


RAO[ 


5 


24 


] N10 


RA1 [ 


6 


23 


] N13 


RA2[ 


7 


22 


] N12 


^Rt 


8 


21 


] T/R 


<t>v[ 


9 


20 


] N9 


fvC 


10 


19 


] N8 


N0[ 


11 


18 


]N7 


N1[ 


12 


17 


] N6 


N2[ 


13 


16 


] N5 


N3[ 


14 


15 


] N4 



PLCC 



o a a> be? 



RAO C 
RA1 C 
RA2 [ 

<t)Rn 

(1)VC 
NO C 



4 3 



2 1 28 27 26 

• 25 

24 

23 

I 22 

21 

20 

1 19 
12 13 14 15 16 1718 



] N11 
] N10 
] N13 
] N12 
] T/R 
] N9 
] N8 



1— e\j CO •** in CO I 

z z z z z z : 



MCI 451 51 -2 



1 


P SUFFIX 

PLASTIC 
CASE 710 


1 


DW SUFFIX 

SOG 
CASE 751 F 


#^ 


FN SUFFIX 

PLCC 
CASE 776 


ORDERING INFORMATION 


MC145151P2 
MCI 45151 DW2 
MCI 45151 FN2 


Plastic DIP 
SOG Package 
PLCC Package 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 
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BLOCK DIAGRAM 







RA2 — ^ 
RA1— ^ 


14 X 8 ROM REFERENCE DECODER 


UbGout T 


RAO— H 






i- 




N^ 


14-BIT -^R COUNTER 


OoC,n • 


y° 



^ Vddi 



T/R 



14-BIT -ENCOUNTER 



n. 



LOCK 
DETECT 



TRANSMIT OFFSET ADDER 



rrrrTTTTTTTTTT 

N13 Nil N9 N7 N6 N4 N2 NO 



— LD 



PHASE 

DETECTOR 

A 



• PDout 



PHASE _ 
DETECTOR 
B 



(t)v 
— <t>R 



NOTE: N0-N1 3 inputs and Inputs RAO, RA1, and RA2 have pull-up resistors that are not shown. 



PIN DESCRIPTIONS 



INPUT PINS 



Frequency Input (Pin 1) 

Input to the -^ N portion of the synthesizer, fjn is typically 
derived from loop VCD and is ac coupled into the device. For 
larger amplitude signals (standard CMOS logic levels) dc 
coupling may be used. 

RA0-RA2 

Reference Address Inputs (Pins 5, 6, 7) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below. 

Pull-up resistors ensure that inputs left open remain at a 
logic 1 and require only a SPST switch to alter data to the 
zero state. 



Reference Address Code 


Total 
Divide 
Value 


RA2 


RA1 


RAO 







1 

1 
1 
1 





1 
1 




1 
1 




1 



1 



1 



1 


8 

128 
256 
512 
1024 
2048 
2410 
8192 



N0-N11 

N Counter Programming Inputs (Pins 11-20, 22-25) 

These inputs provide the data that is preset into the -^ N 
counter when It reaches the count of zero. NO is the least 
significant and N13 is the most significant. Pull-up resistors 
ensure that inputs left open remain at a logic 1 and require 
only a SPST switch to alter data to the zero state. 



T/R 

Transmit/Receive Offset Adder Input (Pin 21) 

This input controls the offset added to the data provided 
at the N inputs. This Is normally used for offsetting the VCO 
frequency by an amount equal to the IF frequency of the 
transceiver. This offset is fixed at 856 when T/R is low and 
gives no offset when T/R is high. A pull-up resistor ensures 
that no connection will appear as a logic 1 causing no offset 
addition. 

OSCjn, OSCout 

Reference Oscillator Input/Output (Pins 27, 26) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjn to ground and OSCout to 
ground. OSCjn n^ay also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCjn, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout- 
OUTPUT PINS 

PDout 

Phase Detector A Output (Pin 4) 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see (j)v and (t)R). 
Frequency fv > f R or fv Leading: Negative Pulses 
Frequency fv < fR or fv Lagging: Positive Pulses 
Frequency fv = fR and Phase Coincidence: High- 
Impedance State 
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Phase Detector B Outputs (Pins 8, 9) 

These phase detector outputs can be combined externally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout)- 

If frequency fy is greater than fp or if the phase of fv is 
leading, then error information is provided by c^v pulsing low. 
(j)R remains essentially high. 

If the frequency fv is less than fp or if the phase of fy is 
lagging, then error information is provided by ({)r pulsing low. 
^y remains essentially high. 

If the frequency of fv = f R and both are in phase, then both 
(j)V and (j)R remain high except for a small minimum time 
period when both pulse low in phase. 

fv 



N Counter Output (Pin 10) 

This is the buffered output of the h 



N counterthat is internally 



connected to the phase detector input. With this output 
available, the + N counter can be used independently. 

LD 

Locl< Detector Output (Pin 28) 

Essentially a high level when loop is locked (fR, fv of same 
phase and frequency). Pulses low when loop is out of lock. 

power supply pins 
Vdd 

Positive Power Supply (Pin 3) 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to Vss- 

vss 

Negative Power Suppiy (Pin 2) 

The most negative supply potential. This pin is usually 
ground. 



TYPICAL APPLICATIONS 
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¥] 
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NC 



OSCjn OSCout fjn RA2 RA1 RAO 

MC145151-2 PDout 
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VOLTAGE 
CONTROLLED 
OSCILLATOR 
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5 -5.5 MHz 



= 5MHz 
10101111100 = 5.5 MHz 



Figure 1. 5 MHz to 5.5 MHz Local Oscillator Channel Spacing = 1 kHz 
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r~" 



REF.OSC. 

10.0417 MHz 

(ON-CHIP OSC. 

OPTIONAL) 



RECEIVE O 



"1" 



OSCout RA2 RA1 
OSCin 

Vdd 
vss 

T/R 



RAO 



MC145151-2 



LD fv 

PDout 

<t>R 

fv 

fin 



LOCK DETECT SIGNAL 



CHOICE OF 
DETECTOR 
ERROR 
_ SIGNALS 



TRANSMIT: 440.0 -470.0 MHz 

RECEIVE: 41 8.6 -448.6 MHz 

(25 kHz STEPS) 



=}- 



LOOP 
FILTER 



-^ VCO 



I I IJ I I I I NTTTf^ -j^ 



"0" "0" "1" 



'sL. 



T: 13.0833 -18.0833 MHz 
R: 9.5167- 14.5167 MHz 



6 TRANSMIT 
-±- (ADDS 856 TO 
+ N VALUE) 



CHANNEL PROGRAMMING 
-f-N = 2284 TO 3484 



NOTES: 
1-fR 





X6 



T: 73.3333 -78.3333 MHz 
R: 69.7667 -74.7667 MHz 



60.2500 MHz 



4.1667 kHz; -i- R = 2410; 21 .4-MHz low side injection during receive. 
2. Frequency values shown are for the 440-470 MHz band. Similar implementation applies to the 406-440 MHz band. For 
470-512 MHz, consider reference oscillator frequency X9 for mixer injection signal (90.3750 MHz). 

Figure 2. Synthesizer for Land Mobile Radio UHF Bands 

Data Sheet Continued on Page 2-556 
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Parallel-Input PLL Frequency 
Synthesizer 

Interfaces with Dual-Modulus Prescalers 

The MC1 451 52-2 is programmed by sixteen parallel inputs for the N and 
A counters and three input lines for the R counter. The device features consist 
of a reference oscillator, selectable-reference divider, two-output phase 
detector, 10-bit programmable divide-by-N counter, and 6-bit programmable 
+ A counter. 

The MCI 451 52-2 is an improved-performance drop-in replacement for the 
MCI 451 52-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• On- or Off-Chip Reference Oscillator Operation 

• Lock Detect Signal 

• Dual Modulus/Parallel Programming 

• 8 User-Selectable + R Values: 8, 64, 128, 256, 512, 1024, 1160, 2048 

• -5- N Range = 3 to 1023, ^ A Range = to 63 

• Chip Complexity: 8000 FETs or 2000 Equivalent Gates 



PIN ASSIGNMENTS 



PLASTIC DIP 
and SOG PACKAGE 
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P SUFFIX 

PLASTIC 
CASE 710 



DW SUFFIX 

SOG 
CASE 751 F 



FN SUFFIX 

PLCC 
CASE 776 



ORDERING INFORMATION 

MC145152P2 Plastic DIP 
MC145152DW2 SOG Package 
MCI 451 52FN2 PLCC Package 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 
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BLOCK DIAGRAM 
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NOTE: N0-N9, A0-A5, and RA0-RA2 have pull-up resistors that are not shown. 



PIN DESCRIPTIONS 



INPUT PINS 



Frequency Input (Pin 1) 

Input to the positive edge triggered -*■ N and -»- A counters, 
fjn is typically derived from a dual-modulus prescaler and is 
ac-coupled into the device. For larger amplitude signals 
(standard CMOS logic levels) dc coupling may be used. 

RAO, RA1, RA2 

Reference Address Inputs (Pins 4, 5, 6) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider. The total 
reference divide values are as follows: 



Reference Address Code 


Total 
Divide 
Value 


RA2 


RA1 


RAO 







1 

1 
1 

1 





1 
1 




1 
1 




1 



1 



1 



1 


8 

64 

128 

256 

512 

1024 

1160 

2048 



N0-N9 

N Counter Programming Inputs (Pins 11-20) 

The N inputs provide the data that is preset into the -i- N 
counter when it reaches the count of 0. NO Is the least 
significant digit and N9 is the most significant. Pull-up 
resistors ensure that inputs left open remain at a logic 1 and 
require only a SPST switch to alter data to the zero state. 

A0-A5 

A Counter Programming Inputs 

(Pins 23, 21, 22, 24, 25, 10) 

The A inputs define the number of clock cycles of fjn that 
require a logic on the MC output (see Dual-Modulus 
Prescaling section). The A Inputs all have Internal pull-up 



resistors that ensure that inputs left open will remain at a 
logic 1 . 

OSCjn, OSCout 

Reference Oscillator Input/Output (Pins 27, 26) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSC|n to ground and OSCout to 
ground. OSCjn may also serve as the input for an 
externally-generated reference signal. This signal Is typically 
ac coupled to OSC|n, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required to 
OSCout- 
OUTPUT PINS 

<l>R.<t)V 

Phase Detector B Outputs (Pins 7, 8) 

These phase detector outputs can be combined externally 
for a loop-error signal. 

If the frequency fv is greater than f r or if the phase of fy 
is leading, then error Information is provided by (^y pulsing low. 
(])R remains essentially high. 

If the frequency fv is less than fp or if the phase of fy is 
lagging, then error Information Is provided by (t)R pulsing low. 
(|)V remains essentially high. 

If the frequency of fv = fR and both are In phase, then both 
(|)V and (|)R remain high except for a small minimum time 
period when both pulse low In phase. 

MC 

Dual-Modulus Prescale Control Output (Pin 9) 

Signal generated by the on-chip control logic circuitry for 
controlling an external dual-modulus prescaler. The MC level 
will be low at the beginning of a count cycle and will remain 
low until the •*■ A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the + N counter has counted the rest of the way 
down from Its programmed value (N - A additional counts 
since both + N and + A are counting down during the first 
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portion of the cycle). MC is tlien set back low, the counters 
preset to their respective programmed values, and the above 
sequence repeated. This provides for a total programmable 
divide value (N j) = N • P + A where P and P + 1 represent the 
dual-modulus prescaler divide values respectively for high 
and low MC levels, N the number programmed into the -*- N 
counter, and A the number programmed into the -^ A counter. 

LD 

Lock Detector Output (Pin 28) 

Essentially a high level when loop is locked (fp, fy of same 
phase and frequency). Pulses low when loop is out of lock. 



power supply pins 
vdd 

Positive Power Supply (Pin 3) 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to Vss- 

vss 

Negative Power Supply (Pin 2) 

The most negative supply potential. This pin is usually 
ground. 



TYPICAL APPLICATIONS 



NO CONNECTS 



I i 10.24 MHz* 




150-175 MHz 
5-kHz STEPS 



VCO 



CHANNEL PROGRAMMING 
*Off-chip oscillator optional. 



MC12017 
^64/65 PRESCALER 



Figure 1. Synthesizer for Land Mobile Radio VHP Bands 
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REF. OSC. 

15.360 MHz 

(ON-CHIP OSC. 

OPTIONAL) 



Hh- 



+v- 



NO CONNECTS 

< — ' — ^ 

"1" "1" "1" 



.RECEIVER 2nd LO. 
30.720 MHz 



•LOCK DETECT SIGNAL 



OSCout RA2 RA1 RAO 

OSCin 



Vdd 

VSS 



MC145152.2{5) 



N9- 



^ 



I I II I I I I I 



• N0A5**- 




RECEIVER FIRST LO. 

825.030 -> 844.980 MHz 

(30 kHz STEPS) 



VCO 



X4(6) 



TRANSMIHER 
MODULATION 



X4(6) 



MC12017(6) 
*■ 64/65 PRESCALER 



CHANNEL PROGRAMMING 
NOTES: 

1. Receiver 1st. I.F. = 45-MHz, low side injection; Receiver 2nd. I.F. = 11.7 MHz, low side injection, 

2. Duplex operation with 45-MHz receiver/transmit separation. 

3. fR = 7.5 kHz; + R = 2048. 

4. Ntotal = N • 64 + A = 27501 to 28166; N = 429 to 440; A = to 63. 

5. MC1 451 58-2 may be used where serial data entry is desired. 

6. High frequency prescalers (e.g., MC1 201 8 [520 MHz] and MC1 2022 [1 GHz]) may be used for higher frequency VCO and fpef 
implementations. 

Figure 2. 666-Channel, Computer-Controlled, Mobile Radiotelephone Synthesizer 
for 800-MHz Cellular Radio Systems 



TRANSMIHER SIGNAL 

825.030 -^ 844.980 MHz 

(30-kHz STEPS) 
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Serial-Input PLL Frequency 
Synthesizer 

Interfaces with Single-Modulus Prescalers 

The MC1 451 55-2 is programmed by a clocked, serial input, 16-bit data 
stream. The device features consist of a reference oscillator, selectable- 
reference divider, digital-phase detector, 14-bit programmable divide-by-N 
counter, and the necessary shift register and latch circuitry for accepting 
serial input data. 

The MCI 451 55-2 is an improved-performance drop-in replacement for 
the MCI 451 55-1 . Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• On- or Off-Chip Reference Oscillator Operation with Buffered Output 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

• Lock Detect Signal 

• Two Open-Drain Switch Outputs 

• 8 User-Selectable h- R Values: 16, 512, 1024, 2048, 3668, 4096, 6144, 8192 

• Single Modulus/Serial Programming 

• H-N Range = 3 to 16383 

• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 

• Two Error Signal Options: Single Ended (Three-State) or Double Ended 

• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 



MCI 451 55-2 




P SUFFIX 

PLASTIC 
CASE 707 



DW SUFFIX 

SOG 
CASE 751 D 



FN SUFFIX 

PLCC 
CASE 775 



ORDERING INFORMATION 

MC145155P2 Plastic DIP 
MC145155DW2 SOG Package 
MC1 451 55FN2 PLCC Package 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 



PIN ASSIGNMENTS 





PLASTIC DIP 




SOG PACKAGE 
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] ENB 
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PDoutD 
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] DATA 
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] ENB 
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14 
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] ENB 
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BLOCK DIAGRAM 



OSCout 
OSCin 



REFoui 
fin 



ENB 

DATA 
CLK 



t> 



-<^ 



RA2- 
RA1- 
RAO- 



14 X 8 ROM REFERENCE DECODER 



t> 



/14 



14-BIT -^R COUNTER 



14-BIT -J- N COUNTER 



/' 14 



LATCH 

31 



fRl 
tVr 



LOCK 
DETECT 



— LD 



PHASE 
DETECTOR |— PDout 
A 



PHASE __ Aw 
DETECTOR 
B 



X 



— <t'R 
SW2 



LATCH 



14-BIT SHIFT REGISTER 



n 



LL 



— SW1 



2-BIT SHIFT 
REGISTER 



PIN DESCRIPTIONS 

INPUT PINS 

fin 

Frequency Input 

Input to the + N portion of the synthesizer, fjn is typically 
derived from loop VCO and is ac coupled into the device. For 
larger amplitude signals (standard CIVIOS logic levels) dc 
coupling may be used. 

RAO, RA1, RA2 
Reference Address Inputs 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below: 



Reference Address Code 


Total 
Divide 
Value 


RA2 


RA1 


RAO 







1 
1 
1 
1 





1 

1 




1 
1 




1 



1 



1 



1 


16 
512 
1024 
2048 
3668 
4096 
6144 
8192 



CLK, DATA 

Shift Register Clock, Serial Data Inputs 

Each low-to-high transition clocl<s one bit into the on-chip 
16-bit shift register. The Data input provides programming 
information for the 14-bit + N counter and the two switch 
signals SW1 and SW2. The entry format is as follows: 





^ N COUNTER BITS ► 
































m 
































U) 






—J 




























^ 


^ 




























■z. 


CO 


en 


•1- 


























•!• 







e: 



LAST DATA BIT IN (BIT NO. 16) 

FIRST DATA BIT IN (BIT NO. 1) 



3 



ENB 

Latch Enable Input 

When high (1), ENB transfers the contents of the shift 
register into the latches, and to the programmable counter 
inputs, and the switch outputs SW1 and SW2. When low (0), 
ENB inhibits the above action and thus allows changes to 
be made in the shift register data without affecting the counter 
programming and switch outputs. An on-chip pull-up 
establishes a continuously high level for ENB when no 
external signal is applied. ENB is normally low and is pulsed 
high to transfer data to the latches. 

OSCin, OSCout 

Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjn to ground and OSCout to 
ground. OSCjn may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCjn, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout- 
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OUTPUT PINS 

PDout 

Phase Detector A Output 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see ^y and (t)R). 
Frequency fv > fR or fv Leading: Negative Pulses 
Frequency fv < fp or fv Lagging: Positive Pulses 
Frequency fv = fp and Phase Coincidence: 
High-Impedance State 

Phase Detector B Outputs 

These phase detector outputs can be combined externally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout)- 

If frequency fv is greater than fp or if the phase of fv is 
leading, then error information is provided by ^y pulsing low. 
(l)p remains essentially high. 

If the frequency fv is less than fp or if the phase of fv is 
lagging, then error information is provided by (t)p pulsing low. 
(^y remains essentially high. 

If the frequency of fv = f p and both are in phase, then both 
^y and {|)r remain high except for a small minimum time 
period when both pulse low in phase. 

LD 

Lock Detector Output 

Essentially a high level when loop is locked (fp, fv of same 
phase and frequency). LD pulses low when loop is out of lock. 



SW1,SW2 

Band Switch Outputs 

SW1 and SW2 provide latched open-drain outputs 
corresponding to data bits numbers one and two. These 
outputs can be tied through external resistors to voltages as 
high as 15 Vdc, independent of the Vdd supply voltage. 
These are typically used for band switch functions. A logic 
1 causes the output to assume a high-impedance state, while 
a logic causes the output to be low. 

REFout 

Buffered Reference Oscillator Output 

Buffered output of on-chip reference oscillator or externally 
provided reference-input signal. 

power supply pins 
Vdd 

Positive Power Supply 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to Vss- 

vss 

Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. 



TYPICAL APPLICATIONS 



UHF/VHF 
TUNER OR 

CATV 
FRONT END 



X" 



4.0 MHz 



MC1 2073/74 
PRESCALER 



rm 



MC145155-2 



DATA 



KEYBOARD 



IC 



CLK 



ENB 



<t>R 



"X 

I 



(j)V 



-AAAr- 
-AAAr- 




1/2MC1458 



He- 



CMOS 
MPU/MOU 



^ 



MC14489 
I I I 



I I I i I I 

□ O CI 



LED DISPLAY 
Figure 1. Microprocessor-Controlled TV/CATV Tuning System with Serial Interface 
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Figure 2. AM/FM Radio Synthesizer 
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Serial-Input PLL Frequency 
Synthesizer 

Interfaces with Dual-Modulus Prescalers 

The MC1 451 56-2 is programmed by a clocked, serial input, 19-bit data 
stream. The device features consist of a reference oscillator, selectable- 
reference divider, digital-phase detector, 10-bit programmable divide-by-N 
counter, 7-bit programmable divide-by-A counter, and the necessary shift 
register and latch circuitry for accepting serial input data. 

The MC1 451 56-2 is an Improved-performance drop-In replacement for 
the MCI 451 56-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• On- or Off-Chip Reference Oscillator Operation with Buffered Output 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

• Lock Detect Signal 

• Two Open-Drain Switch Outputs 

• Dual Modulus/Serial Programming 

• 8 User-Selectable -*- R Values: 8, 64, 128, 256, 640, 1000, 1024, 2048 

• + N Range = 3 to 1023, + A Range = to 127 

• "Linearized" Digital Phase Detector Enhances Transfer Function Linearity 

• Two Error Signal Options: Single Ended (Three-State) or Double Ended 

• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 
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package will be phased 

out for this device and is 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 



INPUT PINS 



Frequency Input (Pin 10) 

Input to the positive edge triggered -^ N and -^ A counters, 
fjn is typically derived from a dual-modulus prescaler and is 
ac coupled into the device. For larger amplitude signals 
(standard CMOS logic levels) dc coupling may be used. 

RAO, RA1,RA2 

Reference Address Inputs (Pins 20, 1, 2) 

These three inputs establish a code defining one of eight 
possible divide values for the total reference divider, as 
defined by the table below: 



Reference Address Code 


Total 
Divide 
Value 


RA2 


RA1 


RAO 







1 
1 
1 
1 





1 

1 




1 
1 




1 



1 



1 



1 


8 

64 
128 
256 
640 
1000 
1024 
2048 



CLK, DATA 

Shift Register Clock, Serial Data Inputs (Pins 11, 12) 

Each low-to-high transition clocks one bit into the on-chip 
19-bit shift register. The Data input provides programming 
information for the 10-bit -^ N counter, the 7-bit -^ A counter, 
and the two switch signals SW1 and SW2. The entry format 
is as follows: 



^ • A PHI IMTFn RIJC* — 






^N COUNTER Bl 


rq 




. 








* 






? 












£8 

< 
•1- 


z 

•1- 


















m 
w 

z 
•1- 


s 


i 



LAST DATA BIT IN (BIT NO. 19) 

FIRST DATA BIT IN (BIT NO. 



.J 



ENB 

Latch Enable Input (Pin 13) 

When high (1), ENB transfers the contents of the shift 
register into the latches, and to the programmable counter 
inputs, and the switch outputs SW1 and SW2. When low (0), 
ENB inhibits the above action and thus allows changes to 
be made in the shift register data without affecting the counter 
programming and switch outputs. An on-chip pull-up 
establishes a continuously high level for ENB when no 
external signal is applied. ENB is normally low and is pulsed 
high to transfer data to the latches. 

OSCin, OSCout 

Reference Oscillator Input/Output (Pins 19, 18) 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjn to ground and OSCout to 
ground. OSCjn may also serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCjn, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout- 
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TEST 

Factory Test Input (Pin 16) 

Used in manufacturing. Must be left open or tied to Vss- 

OUTPUT PINS 

PDout 

Phase Detector A Output (Pin 6) 

Three-state output of phase detector for use as loop error 
signal. Double-ended outputs are also available for this 
purpose (see (j)v and (j)r). 
Frequency fv > fp or fy Leading: Negative Pulses 
Frequency fv < f R or fv Lagging: Positive Pulses 
Frequency fv = fp and Phase Coincidence: High- 
Impedance State 

<I>R.(I>V 

Phase Detector B Outputs (Pins 4, 3) 

These phase detector outputs can be combined externally 
for a loop-error signal. A single-ended output is also available 
for this purpose (see PDout)- 

If frequency fv is greater than fp or if the phase of fv is 
leading, then error information is provided by (^v pulsing low. 
(t)R remains essentially high. 

If the frequency fv Is less than fR or If the phase of fv is 
lagging, then error information is provided by (t)R pulsing low. 
(|)V remains essentially high. 

If the frequency of fv = fR and both are in phase, then both 
(t)v and (1)R remain high except for a small minimum time 
period when both pulse low In phase. 

MC 

Dual-Modulus Prescale Control Output (Pin 8) 

Signal generated by the on-chip control logic circuitry for 
controlling an external dual-modulus prescaler. The MC level 
will be low at the beginning of a count cycle and will remain 
low until the -^ A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the -5- N counter has counted the rest of the way 
down from its programmed value (N - A additional counts 



since both + N and + A are counting down during the first 
portion of the cycle). MC is then set back low, the counters 
preset to their respective programmed values, and the above 
sequence repeated. This provides for a total programmable 
divide value (Nj) = N . P + A where P and P + 1 represent 
the dual-modulus prescaler divide values respectively for 
high and low MC levels, N the number programmed into the 
+ N counter, and A the number programmed Into the -*- A 
counter. 

LD 

Lock Detector Output (Pin 9) 

Essentially a high level when loop is locked (fp, fv of same 
phase and frequency). LD pulses low when loop is out of lock. 

SW1,SW2 

Band Switch Outputs (Pins 14, 15) 

SW1 and SW2 provide latched open-drain outputs 
corresponding to data bits numbers one and two. These 
outputs can be tied through external resistors to voltages as 
high as 15 Vdc, independent of the Vqd supply voltage. 
These are typically used for band switch functions. A logic 
1 causes the output to assume a high-impedance state, while 
a logic causes the output to be low. 

REFout 

Buffered Reference Oscillator Output (Pin 17) 

Buffered output of on-chip reference oscillator or externally 
provided reference-input signal. 

power supply pins 
vdd 

Positive Power Supply (Pin 5) 

The positive power supply potential. This pin may range 
from +3 to +9 V with respect to Vss- 

Vss 

Negative Power Supply (Pin 7) 

The most negative supply potential. This pin is usually 
ground. 
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TYPICAL APPLICATIONS 



+ 12V 



3.2 MHz 



LOCK DETECT SIGNAL I 



FMB + 




TO DISPLAY DRIVER (e.g., MC14489) 
NOTE: 
For AM: channel spacing = 5 kHz, + R = + 640 (code 100) 
For FM: channel spacing = 25 kHz, + R = + 128 (code 010) 



Figure 1 . AM/FM Radio Broadcast Syntliesizer 



3.2 MHzia) 



cihDhm 






+v 

L 



m- 



in 'r 



NAV = 01 
COM = 10 



■LOCK DETECT SIGNAL 



VCO RANGE 
NAV: 97.300-107.250 MHz 
COM-T: 118.000-135.975 MHz 
COM-R: 139.400-157.375 MHz 



OSCjn OSCout 

Vdd 
vss 

REFout 

CLK 



RA2 RA1 RAO LD SW1 SW2 
PDout 
MC145156-2 



DATA ENB fjn 



CMOSMPU/MCU 




MCI 201 6(2. 4) 
♦-40/41 DUAL MODULUS PRESCALER 



CHANNEL TO DISPLAY DRIVER 
SELECTION (e.g., MC14489) 

NOTES: 

1 . For NAV: fR = 50 kHz, -♦- R = 64 using 1 0.7-MHz lowside injection, Ntotal = "> 946-21 45. 
For COM-T: fp = 25 kHz, + R = 128, Ntotal = 4720-5439. 

For COM-R: fp = 25 kHz, -^ R = 128, using 21 .4-MHz highside injection, Ntotal = 5576-6295. 

2. A + 32/33 dual modulus approach is provided by substituting an MC1 201 5 for the MCI 201 6. The devices are pin equivalent. 

3. A 6.4-MHz oscillator crystal can be used by selecting + R = 1 28 (code 01 0) for NAV and ^ R = 256 (code 01 1 ) for COM. 

4. MC1 201 3 + MCI 01 31 combination may also be used to form the -i- 40/41 prescaler. 

Figure 2. Avionics Navigation or Communication Syntliesizer 

Data Sheet Continued on Page 2-556 
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Serial-Input PLL Frequency 
Synthesizer 

Interfaces with Single-Modulus Prescalers 

The MC1 451 57-2 has a fully programmable 14-bit reference counter, as 
well as a fully programmable + N counter. The counters are programmed 
serially through a common data input and latched into the appropriate count- 
er latch, according to the last data bit (control bit) entered. 

The MCI 451 57-2 is an improved-performance drop-in replacement for the 
MCI 451 57-1. Power consumption has decreased and ESD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• Fully Programmable Reference and + N Counters 

• +R Range = 3 to 16383 

• -f- N Range = 3 to 16383 

• fv and fp Outputs 

• Lock Detect Signal 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

• "Linearized" Digital Phase Detector 

• Single-Ended (Three-State) or Double-Ended Phase Detector Outputs 

• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 



PIN ASSIGNMENTS 



MCI 451 57-2 
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P SUFFIX 
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1 
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DW SUFFIX 


^SSg^^ 


SOG 


1 


CASE 751 G 


^^^ 


FN SUFFIX 


^F 


PLCC 
CASE 775 


ORDERING INFORMATION 


MC145157P2 


Plastic DIP 


MC145157DW2 


SOG Package 


MC145157FN2 


PLCC Package 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOI\/IMENDED 

FOR NEW DESIGNS. 



PLASTIC DIP and 
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NC = NO CONNECTION 
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BLOCK DIAGRAM 



-LD 



- PDout 




S/Rout 



PIN DESCRIPTIONS 

INPUT PINS 

fin 

Frequency Input 

Input frequency from VCO output. A rising edge signal on 
this Input decrements the + N counter. This Input has an 
Inverter biased in the linear region to allow use with ac coupled 
signals as low as 500 mVp-p. For larger amplitude signals 
(standard CiVIOS logic levels) dc coupling may be used. 

CLK, DATA 

Shift Clock, Serial Data Inputs 

Each low-to-high transition of the clock shifts one bit of data 
into the on-chip shift registers. The last data bit entered 
determines which counter storage latch is activated; a logic 
1 selects the reference counter latch and a logic selects the 
-*- N counter latch. The entry format is as follows: 



FIRST DATA BIT INTO SHIFT REGISTER ' 

ENB 

Latch Enable Input 

A logic high on this pin latches the data from the shift register 
into the reference divider or + N latches depending on the 
control bit. The reference divider latches are activated if the 
control bit is at a logic high and the + N latches are activated 
if the control bit is at a logic low. A logic low on this pin allows 



the user to change the data in the shift registers without 
affecting the counters. ENB is normally low and is pulsed high 
to transfer data to the latches. 

OSCjn, OSCout 

Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant 
crystal. Frequency setting capacitors of appropriate value 
must be connected from OSCjn to ground and OSCout to 
ground. OSCjn rn^y ^'so serve as the input for an 
externally-generated reference signal. This signal is typically 
ac coupled to OSCjn, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be used. 
In the external reference mode, no connection is required 
to OSCout- 
OUTPUT PINS 

PDout 

Single-Ended Phase Detector A Output 

This single-ended (three-state) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCO. 
Frequency fv > fR or fv Leading: Negative Pulses 
Frequency fv < fR or fv Lagging: Positive Pulses 
Frequency fv = fR and Phase Coincidence: High- 
Impedance State 
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<l)R.<t>V 

Double-Ended Phase Detector B Outputs 

These outputs can be combined externally for a loop-error 
signal. A single-ended output Is also available for this purpose 
(see PDout)- 

If frequency fv is greater than fp or if the phase of iy is 
leading, then error information is provided by ^y pulsing low. 
())R remains essentially high. 

If the frequency fv is less than fp or if the phase of fy is 
lagging, then error information is provided by ())r pulsing low. 
(t)V remains essentially high. 

If the frequency of fv = fp and both are in phase, then both 
^y and (j)R remain high except for a small minimum time 
period when both pulse low in phase. 

fR.fV 

R Counter Output, N Counter Output 

Buffered, divided reference and f jn frequency outputs. The 
fp and fv outputs are connected internally to the -^ R and -i- 
N counter outputs respectively, allowing the counters to be 
used independently, as well as monitoring the phase detector 
Inputs. 

LD 

Lock Detector Output 

This output is essentially at a high level when the loop is 
locked (fp, fv of same phase and frequency), and pulses low 
when loop is out of lock. 



REFout 

Buffered Reference Oscillator Output 

This output can be used as a second local oscillator, 
reference oscillator to another frequency synthesizer, or as 
the system clock to a microprocessor controller. 

S/Rout 

Shift Register Output 

This output can be connected to an external shift register 
to provide band switching, control information, and counter 
programming code checking. 

power supply pins 
vdd 

Positive Power Supply 

The positive power supply potential. This pin may range 
from +3 to +9 V with respect to Vss- 

vss 

Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



Serial-Input PLL Frequency 
Synthesizer 

Interfaces with Dual-Modulus Prescalers 

The MC1 451 58-2 has a fully programmable 14-bit reference counter, as 
well as fully programmable + N and -4- A counters. The counters are pro- 
grammed serially through a common data Input and latched into the 
appropriate counter latch, according to the last data bit (control bit) entered. 

The MCI 451 58-2 is an improved-performance drop-in replacement for 
the MCI 451 58-1 . Power consumption has decreased and BSD and latch-up 
performance have improved. 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• Fully Programmable Reference and -5- N Counters 

• -H R Range = 3 to 1 6383 

• H- N Range = 3 to 1 023 

• Dual Modulus Capability; -^ A Range = to 127 

• fv and fp Outputs 

• Lock Detect Signal 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

• "Linearized" Digital Phase Detector 

• Single-Ended (Three-State) or Double-Ended Phase Detector Outputs 

• Chip Complexity: 6504 FETs or 1626 Equivalent Gates 



PIN ASSIGNMENTS 



MCI 451 58-2 
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P SUFFIX 

PLASTIC 
CASE 648 


1 


DW SUFFIX 

SOG 
CASE 751 G 


^ 


FN SUFFIX 

PLCC 
CASE 775 


ORDERING INFORMATION 


MC145158P2 

MC145158DW2 

MC145158FN2 


Plastic DIP 
SOG Package 
PLCC Package 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 
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NC = NO CONNECTION 
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BLOCK DIAGRAM 
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PIN DESCRIPTIONS 
INPUT PINS 

Frequency Input 

Input frequency from VCO output. A rising edge signal on 
this input decrements the -j- A and -s- N counters. This input 
has an inverter biased in the linear region to allow use with 
ac coupled signals as low as 500 mVp-p. For larger amplitude 
signals (standard CMOS logic levels) dc coupling may be 
used. 

CLK, DATA 

Shift Clock, Serial Data Inputs 

Each low-to-high transition of the CLK shifts one bit of data 
into the on-chip shift registers. The last data bit entered 
determines which counter storage latch is activated; a logic 
1 selects the reference counter latch and a logic selects the 
-f- A, -^ N counter latch. The data entry format is as follows: 
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FIRST DATA BIT INTO SHIFT REGISTER - 
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FIRST DATA BIT INTO SHIFT REGISTER ' 

ENB 

Latch Enable Input 

A logic high on this pin latches the data from the shift register 
into the reference divider or -^ N, -^ A latches depending on 
the control bit. The reference divider latches are activated if 
the control bit is at a logic high and the ^ N, ^ A latches are 
activated if the control bit is at a logic low.' A logic low on this 
pin allows the user to change the data in the shift registers 
without affecting the counters. ENB is normally low and is 
pulsed high to transfer data to the latches. 

OSCin, OSCout 

Reference Oscillator Input/Output 

These pins form an on-chip reference oscillator when 
connected to terminals of an external parallel resonant crystal. 
Frequency setting capacitors of appropriate value must be 
connected from OSCjn to ground and OSCout to ground. 
OSCjn may also serve as the input for an externally-generated 
reference signal. This signal is typically ac coupled to OSCjn, 
but for larger amplitude signals (standard CMOS logic levels) 
dc coupling may also be used. In the external reference mode, 
no connection is required to OSCout- 
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OUTPUT PINS 

PDout 

Phase Detector A Output 

This single ended (three-state) phase detector output 
produces a loop error signal that is used with a loop filter to 
control a VCD. 
Frequency fv > fR or fv Leading: Negative Pulses 
Frequency fv < fR or fy Lagging: Positive Pulses 
Frequency fy = fR and Phase Coincidence: High- 
Impedance State 

<1)R.<1>V 

Phase Detector B Outputs 

Double-ended phase detector outputs. These outputs can 
be combined externally for a loop-error signal. A single-ended 
output is also available for this purpose (see PDout)- 

If frequency fv is greater than fR or if the phase of fv is 
leading, then error information is provided by ^y pulsing low. 
(|)R remains essentially high. 

If the frequency fv is less than fR or if the phase of fv is 
lagging, then error information is provided by (j)r pulsing low. 
(|)V remains essentially high. 

If the frequency of fv = fR and both are in phase, then both 
(t)V and (t)R remain high except for a small minimum time 
period when both pulse loy\/ in phase. 

MC 

Dual-Modulus Prescale Control Output 

This output generates a signal by the on-chip control logic 
circuitry for controlling an external dual-modulus prescaler. 
The MC level is low at the beginning of a count cycle and 
remains low until the ^ A counter has counted down from its 
programmed value. At this time, MC goes high and remains 
high until the + N counter has counted the rest of the way down 
from its programmed value (N - A additional counts since both 
+ N and -5- A are counting down during the first portion of the 
cycle). MC is then set back low, the counters preset to their 
respective programmed values, and the above sequence 
repeated. This provides for a total programmable divide value 



(N j) = N . P + A where P and P + 1 represent the dual-modulus 
prescaler divide values respectively for high and low modulus 
control levels, N the number programmed into the + N counter, 
and A the number programmed into the + A counter. Note that 
when a prescaler is needed, the dual-modulus version offers 
a distinct advantage. The dual-modulus prescaler allows a 
higher reference frequency at the phase detector input, 
increasing system performance capability, and simplifying the 
loop filter design. 

fR,fV 

R Counter Output, N Counter Output 

Buffered, divided reference and fjn frequency outputs. The 
fR and fv outputs are connected internally to the + R and 
+ N counter outputs respectively, allowing the counters to be 
used Independently, as well as monitoring the phase detector 
inputs. 

LD 

Lock Detector Output 

This output is essentially at a high level when the loop is 
locked (fR, fv of same phase and frequency), and pulses low 
when loop is out of lock. 

REFout 

Buffered Reference Oscillator Output 

This output can be used as a second local oscillator, 
reference oscillator to another frequency synthesizer, or as 
the system clock to a microprocessor controller. 

power supply pins 
vdd 

Positive Power Supply 

The positive power supply potential. This pin may range 
from + 3 to + 9 V with respect to Vss- 

vss 

Negative Power Supply 

The most negative supply potential. This pin is usually 
ground. 
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MC14515X-2 FAMILY CHARACTERISTICS AND DESCRIPTIONS 



MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


vdd 


DC Supply Voltage 


-0.5 to + 10.0 


V 


Vin, Vout 


Input or Output Voltage (DC or Transient) 
except SW1,SW2 


- 0.5 to Vdd + 0-5 


V 


Vout 


Output Voltage (DC or Transient), 
SW1,SW2(Rpu||.up = 4.7kfi) 


-0.5 to +15 


V 


Ijn. 'out 


Input or Output Current (DC or Transient), 
per Pin 


±10 


mA 


IDD. ISS 


Supply Current, Vqd or Vss P'ns 


±30 


mA 


Pd 


Power Dissipation, per Packaget 


500 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


°C 


Tl 


Lead Temperature , 1 mm from Case for 
10 seconds 


260 


°C 



These devices contain protection circuit- 
ry to protect against damage due to high 
static voltages or electric fields. However, 
precautions must be taken to avoid appli- 
cations of any voltage higher than maxi- 
mum rated voltageis to these high-impe- 
dance circuits. For proper operation, Vjp 
andVoutshouldbecpnstrainedtotherange 
Vss ^ (Vin or Vout) ^ Vqd except for SW1 
and SW2. 

SW1 and SW2 can be tied through exter- 
nal resistors to voltages as high as 1 5 V dc, 
independent of the supply voltage. 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vdd). except for inputs with pull-up 
devices. Unused outputs must be left open. 



* Maximum Ratings are those values beyond which damage to the device may occur. 
Functional operation should be restricted to the limits in the Electrical Characteristics 
tables or Pin Descriptions section. 
t Power Dissipation Temperature Derating: 
Plastic DIP: - 1 2 mW/°C from 65 to 85°C 
PLCC Package: - 1 2 mW/°C from 65 to 85°C 
SOG Package: - 7 mW/°C from 65 to 85°C 

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


"40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Vdd 


Power Supply Voltage 
Range 




— ^ 


3 


9 


3 


9 


3 


9 


V 


Iss 


Dynamic Supply Current 


fin = OSCjn = 10 MHz, 
1 Vp-p ac-coupled sine 

wave 
R = 128,A = 32, N = 128 


3 
5 
9 


- 


3.5 
10 
30 


— 


3 

7.5 
24 


- 


3 

7.5 
24 


mA 


•ss 


Quiescent Supply Current 
(not including pull-up 
current component) 


Vin = Vdd or Vss 
lout = O^A 


3 
5 
9 


= 


800 
1200 
1600 


E 


800 
1200 
1600 


- 


1600 
2400 
3200 


^A 


Vin 


Input Voltage — fjp, OSCjn 


Input ac-coupled sine wave 


- 


500 


- 


500 


- 


500 


- 


mVp-p 


V|L 


Low-Level Input Voltage — 
fin.OSCin 


Vout ^ 2.1V input dc- 
Vout ^ 3.5 V coupled 
Vout ^ 6.3 V square wave 


3 
5 
9 


- 







E 







E 







V 


V|H 


High-Level Input Voltage 
-tin.OSCin 


Vout ^ 0.9 V Input dc- 
Vout^1-5V coupled 
Vout - 2-7 V square wave 


3 
5 
9 


3.0 
5.0 
9.0 


E 


3.0 
5.0 
9.0 


- 


3.0 
5.0 
9.0 


- 


V 


V|L 


Low-Level Input Voltage — 
except fjn.OSCjn 




3 
5 
9 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


V 


V|H 


High-Level Input Voltage 
-except fin. OSCin 




3 
5 
9 


2.1 
3.5 
6.3 


E 


2.1 
3.5 
6.3 


E 


2.1 
3.5 
6.3 


E 


V 


lin 


Input Current (fjn, OSCjn) 


Vin = Vdd or Vss 


9 


±2 


±50 


±2 


±25 


±2 


±22 


^A 


l|L 


Input Leakage Current 
(Data, CLK, ENB — 
without pull-ups) 


Vin = Vss 


9 


" 


-0.3 


" 


-0.1 


" 


-1.0 


^A 



(continued) 
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ELECTRICAL CHARACTERISTICS (Continued) 



Symbol 


Parameter 


Test Condition 


Vdd 

V 


-40°C 


25°C 


+ 85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


l|H 


Input Leakage Current (all 
inputs except fjn, OSCjn) 


Vin = VDD 


9 


— 


0.3 


— 


0.1 


— 


1.0 


^A 


"IL 


Pull-up Current (all inputs 
with pull-ups) 


Vin = Vss 


9 


-20 


-400 


-20 


-200 


-20 


-170 


HA 


Cin 


Input Capacitance 




— 


— 


10 


— 


10 


— 


10 


PF 


Vol 


Low-Level Output 
Voltage — OSCout 


lout = O^A 
Vin = VDD 


3 
5 
9 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


E 


0.9 
1.5 
2.7 


V 


VOH 


High-Level Output 
Voltage — OSCout 


lout = ^lA 
Vin = Vss 


3 
5 
9 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


V 


Vol 


Low-Level Output 
Voltage — Other Outputs 


lout = O^A 


3 
5 
9 


- 


0.05 
0.05 
0.05 


E 


0.05 
0.05 
0.05 


- 


0.05 
0.05 
0.05 


V 


VOH 


High-Level Output 
Voltage — Other Outputs 


lout « fiA 


3 
5 
9 


2.95 
4.95 
8.95 


- 


2.95 
4.95 
8.95 


- 


2.95 
4.95 
8.95 


- 


V 


V(BR)DSS 


Drain-to-Source 
Breakdown Voltage — 
SW1,SW2 


Rpull-up = 4.7 kn 


" 


15 


" 


15 




15 




V 


lOL 


Low-Level Sinking 
Current — MC 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3 
5 
9 


1.30 
1.90 
3.80 


- 


1.10 
1.70 
3.30 


E 


0.66 
1.08 
2.10 


E 


mA 


lOH 


High-Level Sourcing 
Current — MC 


Vout = 2.7V 
Vout = 4.6V 
Vout = 8.5V 


3 
5 
9 


-0.60 
-0.90 
-1.50 


E 


-0.50 
-0.75 
-1.25 


E 


-0.30 
-0.50 
-0.80 


E 


mA 


lOL 


Low-Level Sinking 
Current — LD 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3 
5 
9 


0.25 
0.64 
1.30 


E 


0.20 
0.51 
1.00 


E 


0.15 
0.36 
0.70 


E 


mA 


'OH 


High-Level Sourcing 
Current — LD 


Vout = 2.7V 
Vout = 4.6V 
Vout = 8.5V 


3 
5 
9 


-0.25 
-0.64 
-1.30 


E 


-0.20 
-0.51 
-1.00 


- 


-0.15 
-0.36 
-0.70 


- 


mA 


lOL 


Low-Level Sinking 
Current — SW1,SW2 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3 
5 
9 


0.80 
1.50 
3.50 


- 


0.48 
0.90 
2.10 


- 


0.24 
0.45 
1.05 


- 


mA 


lOL 


Low-Level Sinking 
Current — Other Outputs 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


3 
5 
9 


0.44 
0.64 
1.30 


- 


0.35 
0.51 
1.00 


E 


0.22 
0.36 
0.70 


E 


mA 


'OH 


High-Level Sourcing 
Current — Other Outputs 


Vout = 2.7V 
Vout = 4.6V 
Vout = 8.5V 


3 
5 
9 


-0.44 
-0.64 
-1.30 


- 


-0.35 
-0.51 
-1.00 


- 


-0.22 
-0.36 
-0.70 


- 


mA 


"OZ 


Output Leakage Current — 
PDout 


Vout = VDDorVss 
Output in Off State 


9 


— 


±0.3 


— 


±0.1 


— 


±1.0 


^lA 


loz 


Output Leakage Current — 
SW1,SW2 


Vout = VDDOrVss 
Output in Off State 


9 


— 


±0.3 


— 


±0.1 


— 


±3.0 


^A 


Gout 


Output Capacitance — 
PDout 


PDout — Three-State 


— 


— 


10 


— 


10 


— 


10 


pF 
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AC ELECTRICAL CHARACTERISTICS (Cl = 50 pF, Input tr = tf = 1 ns) 



Symbol 


Parameter 


Vdd 

V 


Guaranteed Limit 
25°C 


Guaranteed Limit 
- 40 to 85°C 


Unit 


tPLH. tpHL 


Maximum Propagation Delay, fjn to MO 
(Figures 1 and 4) 


3 
5 
9 


110 
60 
35 


120 
70 
40 


ns 


tpHL 


Maximum Propagation Delay, ENB to SW1 , SW2 
(Figures 1 and 5) 


3 
5 
9 


160 
80 
50 


180 
95 
60 


ns 


tw 


Output Pulse Width, (1)r, (^\j, and LD with fR in Phase with fy 
(Figures 2 and 4) 


3 
5 
9 


25 to 200 
20 to 100 
10 to 70 


25 to 260 
20 to 125 
10 to 80 


ns 


tTLH 


Maximum Output Transition Time, MC 
(Figures 3 and 4) 


3 
5 
9 


115 
60 
40 


115 
75 
60 


ns 


tjHL 


Maximum Output Transition Time, MC 
(Figures 3 and 4) 


3 
5 
9 


60 
34 
30 


70 
45 
38 


ns 


tTLH. tJHL 


Maximum Output Transition Time, LD 
(Figures 3 and 4) 


3 
5 
9 


180 
90 
70 


200 
120 
90 


ns 


tJLH. tTHL 


Maximum Output Transition Time, Other Outputs 
(Figures 3 and 4) 


3 
5 
9 


160 
80 
60 


175 
100 
65 


ns 



SWITCHING WAVEFORMS 



INPUT 50% 




Figure 1. 



<t>R. H LD' 



^ 



50% 



*fR In phase with fy. 



Figure 2. 



r 



DEVICE 
UNDER 
TEST 



ANY 
OUTPUT 



tTLH-H h^ 
7r9C 

TT 10% 



90% 
10% 



TEST POINT 
9 

OUTPUT 



=r Cl* 



Includes all probe and jig capacitance. 
Figure 4. Test Circuit 



Figure 3. 



tTHL-H K- 



^ 



DEVICE 
UNDER 
TEST 



TEST POINT 
o 



Vdd 



OUTPUT 



15 kQ 



=F Cl* 



^Includes all probe and jig capacitance. 
Figures. Test Circuit 
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TIMING REQUIREMENTS (Input tr = tf = 10 ns unless otherwise indicated) 



Symbol 


Parameter 


Vdd 

V 


Guaranteed Limit 
25°C 


Guaranteed Limit 
-40to85°C 


Unit 


fclk 


Serial Data Clock Frequency, Assuming 25% Duty Cycle 
NOTE: Refer to CLK tw(H) below 
(Figure 6) 


3 
5 
9 


dc to 5.0 
dcto7.1 
dctolO 


dc to 3.5 
dc to 7.1 
dctolO 


MHz 


tsu 


Minimum Setup Time, Data to CLK 
(Figure 7) 


3 
5 
9 


30 
20 
18 


30 
20 
18 


ns 


th 


Minimum Hold Time, CLK to Data 
(Figure 7) 


3 
5 
9 


40 
20 
15 


40 
20 
15 


ns 


tsu 


Minimum Setup Time, CLK to ENB 
(Figure 7) 


3 
5 
9 


70 
32 
25 


70 
32 
25 


ns 


tree 


Minimum Recovery Time, ENB to CLK 
(Figure 7) 


3 
5 
9 


5 
10 
20 


5 
10 
20 


ns 


tw(H) 


Minimum Pulse Width, CLK and ENB 
(Figures) 


3 
5 
9 


50 
35 
25 


70 
35 
25 


ns 


tr.tf 


Maximum Input Rise and Fall Times — Any Input 
(Figure 8) 


3 
5 
9 


5 
4 
2 


5 
4 
2 


^s 



CLK, 
ENB 



SWITCHING WAVEFORMS 



tw(H) 



7^50% 



1 
4fclk 



*Assumes 25% Duty Cycle. 

Figure 6. 



-Vdd 
■Vss 



/TOO 
TT 10% 



tt-*^ 
ANY Tjt- qno/ 

OUTPUT ^ ^"'^ 



^- 



Vdd 
Vss 






CLK 50% 



ENB 



LAST^ 
CLK- 



-Vdd 
Vss 



/ 50% ^r 



-Vdd 
Vss 
-Vdd 
- Vss 



PREVIOUS 

DATA 
LATCHED 



Figure 7. 



Figure 8. 
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FREQUENCY CHARACTERISTICS (Voltages References to Vss. Cl = 50 pF, Input tr = tf =" 


ns unless othenwise indicated) 




Symbol 


Parameter 


Test Condition 


Vdd 

V 


-40°C 


25°C 


85°C 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


fi 


Input Frequency 
(fin. OSCin) 


R>8,A>0, N>8 
Vjn = 500 mVp-p 
ac-coupled sine wave 


3 
5 
9 


-_ 


6 
15 
15 


- 


6 
15 
15 


- 


6 
15 
15 


MHz 


R>8,A>0, N>8 
Vjn = 1 Vp-p ac-coupled 
sine wave 


3 
5 
9 


I 


12 
22 
25 


z 


12 
20 
22 


E 


7 
20 
22 


MHz 


R>8,A>0, N>8 

Vin = VDDtoVss 
dc-coupled square wave 


3 
5 
9 


- 


13 
25 
25 


- 


12 
22 
25 


- 


8 

22 
25 


MHz 



REFERENCE 
0SC-5-R 

V 

FEEDBACK 

(fin-N) 



PDo. 



<t>R 



<^y 



LD 



n 



- Vh 



a 



]i 



— Vl 

- Vh 

— Vl 

- Vh 



HIGH IMPEDANCE 



M 



- Vl 
— Vh 



If 



- Vl 
— Vh 



1^ yr 



- Vl 
— Vh 



- Vl 



Vh = High Voltage Level 
Vl = Low Voltage Level 

*At this point, when both fp and fv are in phase, the output is forced to near mid-supply. 
NOTE: The PDout generates error pulses during out-of-lock conditions. When locked in phase and frequency 
the output is high and the voltage at this pin is determined by the low-pass filter capacitor. 

Figure 9. Phase Detector/Lock Detector Output Waveforms 
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PHASE-LOCKED LOOP— LOW-PASS FILTER DESIGN 



A) PDout 



-AAAr- 

Ri 






• vco 




vco 



con 

C = 

F(s) = 



I / K({)Kvco 
1/ NRiC 

_NC0q_ 



2K<J)KVC0 

1 
RlsC + 1 



1/ K(},Kvco 
/ NC(Ri + R2) 



C =0.5(On R2C + 



K(t)KvC0, 



F{s) = 



R2SC + 1 
(Rl+R2)sC + 1 



C) PDout 




con = 



VCO 



1/ K(j)Kvco " 
V NCRi 
conRaC 



ASSUMING GAIN A IS VERY URGE, THEN: 



F(s) = 



R2sC + 1 
R-|sC 



Note: Sometimes Ri is split into two series resistors each Ri + 2. A capacitor Cc is then placed from the midpoint to ground to further 
filter (^y and (1)r. The value of Cc should be such that the corner frequency of this network does not significantly affect ©p. 

DEFINITIONS: 

N = Total Division Ratio in feedback loop 

K(j) (Phase Detector Gain) = Vdd/^tc for PDout 

K(|) (Phase Detector Gain) = Vdq/Ztc for <t)v and ^^ 

Kvco (VCO Gain) =-^^ 

for a typical design Wp (Natural Frequency) « -^^ (at phase detector input). 
Damping Factor: ^ = 1 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1 979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1980. 
Blanchard, Alain, Phase-Locl<ed Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William R, Frequency Synthesis by Phase Locl<. New York, Wiley-lnterscience, 1 981 . 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 

Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 ^lA at CMOS logic levels 
may be direct or dc coupled to OSCjn. In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-to-rail (Vdd to Vss) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCjn may be used. 

OSCout. 

an unbuffered output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using ICs 
specifically developed for crystal oscillator applications, such 
as the MC1 2061 MECL device. The reference signal from the 
MECL device is ac coupled to OSCjn- For large amplitude 
signals (standard CMOS logic levels), dc coupling is used. 
OSCout. an unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 

Use of the On-Chip Oscillator Circuitry 

The on-chip amplifier (a digital Inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 



r 
I 

L 



01 



Rf 

-AAAr- 



frequency"! 
synthesizer 



^ 



OSCin 



4^ C2 



OSCout 



J 



*May be deleted In certain cases. See text. 



Figure 10. Pierce Crystal Oscillator Circuit 



For Vdd = 5.0 V, the crystal should be specified for a 
loading capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately 8.0 MHz, 20 pF for frequencies 
in the area of 8.0 to 1 5 MHz, and 1 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia- 



tions in stray and IC input/output capacitance, and realistic 
Cl values. The shunt load capacitance, Cl, presented across 
the crystal can be estimated to be: 



^. CinCout ^ ^ Cl . C2 
Cl = -^ — + Ca + Co +- 



Cin + Cout 



Cl +C2 



where: 

Qn = 

Cout = 

Ca = 

Co = 

C1 andC2 = 



5pF(see Figure 11) 

6pF(see Figure 11) 

1 pF(see Figure 11) 

the crystal's holder capacitance (see Figure 1 2) 

external capacitors (see Figure 10) 



¥- 



■ Cout 



Figure 11. Parasitic Capacitances of the Amplifier 

1 n 2 1 

o-h[]| — o = o- 



Rs 

|-^W\r- 


LS Cs 
II 




II 

Co 


Re 


Xe 2 



NOTE: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 12. Equivalent Crystal Networks 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the OSCjn 
and OSCout P'^s to minimize distortion, stray capacitance, 
stray inductance, and startup stabilization time. In some 
cases, stray capacitance should be added to the value for Cjn 
and Cout- 

Power is dissipated in the effective series resistance of the 
crystal. Re, in Figure 12. The drive level specified by the crystal 
manufacturer is the maximum stress that a crystal can 
withstand without damaging or excessive shift in frequency. 
R1 in Figure 10 limits the drive level. The use of R1 may not 
be necessary in some cases (i.e., R1 = Q). 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout- (Care should be taken to 
minimize loading.) The frequency should increase very slightly 
as the dc supply voltage is increased. An overdriven crystal 
will decrease in frequency or become unstable with an 
increase in supply voltage. The operating supply voltage must 
be reduced or R1 must be increased in value if the overdriven 
condition exists. The user should note that the oscillator 
start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 1). 
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Recommended Reading 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, "The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

Table 1. Partial List of Crystal Manufacturers 



Design Guidelines 

The system total divide value, Ntotal (Nt) will be dictated 
by the application: 



Name 


Address 


Phone 


United States 
Crystal Corp. 


3605 McCart St., 
Ft. Worth, TX 
76110 


(817)921-3013 


Crystek Crystal 


2371 Crystal Dr., 
Ft. Myers, FL 
33907 


(813)936-2109 


Statek Corp. 


512 N. Main St., 
Orange, CA 
92668 


(714)639-7810 



NOTE: Motorola cannot recommend one supplier over another and in 
no way suggests that this is a complete listing of crystal man- 
ufacturers. 

DUAL-l\/!ODULUS PRESCALING 
Overview 

The technique of dual-modulus prescaling is well estab- 
lished as a method of achieving high performance frequency 
synthesizer operation at high frequencies. Basically, the 
approach allows relatively low-frequency programmable 
counters to be used as high-frequency programmable 
counters with speed capability of several hundred MHz. This 
is possible without the sacrifice In system resolution and 
performance that results If a fixed (single-modulus) divider is 
used for the prescaler. 

In dual-modulus prescaling, the lower speed counters must 
be uniquely configured. Special control logic is necessary to 
select the divide value P or P + 1 in the prescaler for the 
required amount of time (see modulus control definition). 
Motorola's dual-modulus frequency synthesizers contain this 
feature and can be used with a variety of dual-modulus 
prescalers to allow speed, complexity and cost to be tailored 
to the system requirements. Prescalers having P, P + 1 divide 
values In the range of -4- 3/-i- 4 to -*- 1 28/-i- 1 29 can be controlled 
by most Motorola frequency synthesizers. 

Several dual-modulus prescaler approaches suitable for 
use with the MC1 451 52-2, MC1 451 56-2, or MC1 451 58-2 are: 



MCI 2009 


+ 5/+ 6 


440 MHz 


MC12011 


■*-8/-^9 


500 MHz 


MC12013 


+ 10/+ 11 


500 MHz 


MCI 201 5 


+ 32/-4- 33 


225 MHz 


MC12016 


+ 407+41 


225 MHz 


MCI 201 7 


+ 64/+ 65 


225 MHz 


MCI 201 8 


+ 128/+ 129 


520 MHz 


MC12022A 


+ 64/65 or +128/1 29 


1.1GHz 


MC12032A 


+ 64/65 or + 128/1 29 


2.0 GHz 



Nt = 



frequency Into the prescaler 
frequency into the phase detector 



- = N.P + A 



N is the number programmed into the + N counter, A is the 
number programmed into the + A counter, P and P + 1 are 
the two selectable divide ratios available in the dual-modulus 
prescalers. To have a range of Nj values In sequence, the 
+ A counter Is programmed from zero through P - 1 for a 
particular value N in the + N counter. N is then incremented 
to N + 1 and the + A Is sequenced from through P - 1 again. 

There are minimum and maximum values that can be 
achieved for Nj. These values are a function of P and the size 
of the + N and + A counters. 

The constraint N > A always applies. If Amax = P - "• . then 
Nmin^P-1-ThenNTmin = (P-1) P + Aor(P-1) P since 
A is free to assume the value of 0. 

NTmax = Nmax • P + Amax 

To maximize system frequency capability, the dual-modulus 
prescaler output must go from low to high after each group 
of P or P + 1 input cycles. The prescaler should divide by P 
when its modulus control line is high and by P + 1 when Its 
MC is low. 

For the maximum frequency into the prescaler (fvcOmax). 
the value used for P must be large enough such that: 

1 . fvcOmax divided by P may not exceed the frequency 
capability of fjn (input to the + N and + A counters). 

2. The period of fvco divided by P must be greater than 
the sum of the times: 

a. Propagation delay through the dual-modulus pre- 
scaler. 

b. Prescaler setup or release time relative to its MC 
signal. 

c. Propagation time from fjn to the MC output for the 
frequency synthesizer device. 

A sometimes useful simplification in the programming code 
can be achieved by choosing the values for P of 8, 16, 32, 
or 64. For these cases, the desired value of Nj results when 
Nj In binary is used as the program code to the + N and + 
A counters treated in the following manner: 

1 . Assume the + A counter contains "a" bits where 2^ > P. 

2. Always program all higher order + A counter bits above 
"a" to 0. 

3. Assume the + N counter and the + A counter (with all the 
higher order bits above "a" ignored) combined into a 
single binary counter of n + a bits in length (n = number 
of divider stages In the + N counter). The MSB of this 
"hypothetical" counter is to correspond to the MSB of 
+ N and the LSB is to correspond to the LSB of + A. The 
system divide value, Nj, now results when the value of 
Nj in binary is used to program the "new" n + a bit 
counter. 

By using the two devices, several dual-modulus values are 
achievable (shown in Figure 13). 
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MC 











1 




1 1 1 


DEVICE A 








DEVICE B 



DEVICE 



DEVICE A^ 



MC12009 



MC12011 



MCI 201 3 



MC10131 


+ 20/+ 21 


+ 32/+ 33 


+ 40/+ 41 


MCI 01 38 


+ 50/+ 51 


+ 80/+ 81 


+ 100/+101 


MCI 01 54 


+ 40/+ 41 

or 
+ 80/+ 81 


+ 64/+ 65 

or 
+ 1 28/+ 129 


+ 80/+ 81 



NOTE: MCI 2009, MCI 2011, and MCI 201 3 are pin equivalent. 
MC1 201 5, MCI 201 6, and MCI 201 7 are pin equivalent. 



Figure 13. 



MC145151-2 through MC145158-2 
2-564 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Serial-Input PLL Frequency 
Synthesizer with Analog Phase 
Detector 

Interfaces with Dual-Modulus Prescalers 

The MC1 451 59-1 has a programmable 1 4-bit reference counter, as well as fully 
programmable divide-by-N/divide-by-A counters. The counters are programmed 
serially through a common data input and latched Into the appropriate counter 
latch, according to the last data bit (control bit) entered. 

When combined with a loop filter and VCO, this device can provide all the 
remaining functions for a PLL frequency synthesizer operating up to the device's 
frequency limit. For higher VCO frequency operations, a down mixer or a dual 
modulus prescaler can be used between the VCO and the PLL. 

• General Purpose Applications: 

CATV TV Tuning 

AM/FM Radios Scanning Receivers 

Two Way Radios Amateur Radio 

• Low Power Consumption Through Use of CMOS Technology 

• 3.0 to 9.0 V Supply Range 

• On- or Off-Chip Reference Oscillator Operation 

• Compatible with the Serial Peripheral Interface (SPI) on CMOS MCUs 

• ^R Range = 3 to 16383 

• -N Range = 16 to 1 023, -j- A Range = to 127 

• High-Gain Analog Phase Detector 

• See Application Note AN969 



MCI 451 59-1 



^^^KSflR? 


P SUFFIX 


mmnm 


PLASTIC 


2o"lll'" 


CASE 738 


^ 


FN SUFFIX 


i^^SB^^ 


PLCC 


1 


CASE 775 


^^ 


DW SUFFIX 


^SSB^^^ 


SOG 


1 


CASE 751 D 




VF SUFFIX 




SSOP 




CASETBD 


ORDERING INFORMATION 


MC145159P1 


Plastic DIP 


MC145159FN1 


PLCC 


MC145159DW1 


SOG 


MC145159VF1 


SSOP 



PIN ASSIGNMENTS 



The PLCC (FN suffix) 

package will be phased 

out for this device and is 

NOT RECOMMENDED 

FOR NEW DESIGNS. 



PLASTIC DIP 
and SOG PACKAGE 



SSOP PACKAGE 



PLCC PACKAGE 



Ro[ 


1« 


20 


OSCin [ 


2 


19 


OSCout [ 


3 


18 


CHARGE [ 


4 


17 


VddE 


5 


16 


FS0[ 


6 


15 


vss[ 


7 


14 


MC[ 


8 


13 


LD[ 


9 


12 


finC 


10 


11 



] Rr 

^ Vdd' 

] Ch 

] APDout 

] Vss' 

] Cr 

] SRout 

] ENB 

] DATA 

] CLK 



vss't 

APDout ^ 
ChC 

Vdd'C 
Rr[ 

Rot 
OSCjn [ 

OSCout t 
CHARGE [ 

vddi: 



1» 

2 

3 

4 

5 

6 

7 



20 ] Cr 

19 ] SRout 

18 ] ENB 

17 ] DATA 

16 ] CLK 

15 ] fin 

14 ] LD 

13 ] MC 

12 ] Vss 

11 ] FSO 



o .s 

o o 

CO CO 

o o 



§ 



/ Z 2 1 20 19 

CHARGE [4 • 18 ] Ch 

Vdd [^5 17 ] APDout 

FSO [6 16 ] Vss' 

Vss [7 15 ] Cr 

MC [ 8 14 ] SRout 
9 10 11 12 13 
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BLOCK DIAGRAM 



ENB . 
OSCout 

OSCin ■ 



r-AAAr— (► 



t> 

IP 



DATA 



CLK 



e 



•BITS/R * » 



:=0 



id^ 14-BIT S/R [ 

[ 14-BIT LATCH 



iUiUUiUiU 



14-BITh-R COUNTER 



I CONTROL LOGIC f- 

lt_ 



7-BIT ^ A COUNTER 



7-BIT LATCH 



HttMt 



10-BIT -ENCOUNTER 



^ 



7-BIT S/R 



rg 



10-BIT LATCH 



10-BIT S/R 



*FSO is not and cannot be used as a digital phase detector output. 



MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to + 10.0 


V 


Vjn. Vout 


Input or Output Voltage (DC or Transient) 


- 0.5 to Vdd + 0.5 


V 


'in. 'out 


Input or Output Current (DC or Transient), 
per Pin 


±10 


mA 


'dd. 'ss 


Supply Current, VpD or Vss P'^s 


±30 


mA 


Pd 


Power Dissipation, per Package 


500 


mW 


"^stg 


Storage Temperature 


-65 to +150 


°C 


Tl 


Lead Temperature (8-Second Soldering) 


260 


°C 



ANALOG 

PHASE 

DETECTOR 



DIGITAL 
FREQUENCY 
STEERING 



LOCK 
DETECTOR 



■ SRout 

■ CHARGE 
•Ch 

•Rr 

•RO 
■Cr 
• APDout 

•Vdd' 
•Vss' 

•MC 
•FSO 



■ LD 



This device contains circuitry to protect 
the inputs against damage due to high stat- 
ic voltages or electric fields; however, it is 
advised that normal precautions be taken 
to avoid applications of any voltage higher 
than maximum rated voltages to this high- 
impedance circuit. For proper operation it is 
recommended that Vjn and Vout be con- 
strained to the range Vss ^ (Vin o"* Vout) ^ 

Vdd- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vdd)- 



' Maximum Ratings are those values beyond which damage to the device may occur. 
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Characteristic 


Symbol 


Vdd 


-40°C 


25°C 


85°C 


Unit 


Min 


Max 


IVIin 


Uax 


Min 


Max 


Power Supply Voltage Range 


Vdd 


- 


3 


9 


3 


9 


3 


9 


V 


Output Voltage Level 

Vin = OVorVDD 
lout = 0^iA 

(Except OSCout and APDout) "• Level 


Vol 


3 
5 
9 


E 


0.05 
0.05 
0.05 


- 


0.05 
0.05 
0.05 


- 


0.05 
0.05 
0.05 


V 


VOH 


3 
5 
9 


2.95 
4.95 
8.95 


E 


2.95 
4.95 
8.95 


E 


2.95 
4.95 
8.95 


- 


Output Voltage Level 
OSCout 
Vin = OVorVDD 

1 Level 


Vol 


3 
5 
9 


E 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


V 


VOH 


3 
5 
9 


2.1 
3.5 
6.3 


E 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


AVoltage, VcH - VAPDout- 'APDout = nA 


AV 


- 


- 


- 


- 


1.05 


- 


- 


V 


Input Voltage Level 
Vout = 0.5 V or Vdd- 0.5 V 
(All Outputs Except OSCout) 

1 Level 


V|L 


3 
5 
9 


- 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


- 


0.9 
1.5 
2.7 


V 


V|H 


3 
5 
9 


2.1 
3.5 
6.3 


E 


2.1 
3.5 
6.3 


- 


2.1 
3.5 
6.3 


- 


Input Voltage* — OSCjn 
Vo = 2.1 Vor0.9V Level 
Vo = 3.5 V or 1.5 V 
Vo = 6.3 V or 2.7 V 

Vo = 0.9Vor2.1 V 1 Level 
Vo = 1.5Vor3.5V 
Vo = 2.7 V or 6.3 V 


V|L 


3 
5 
9 


- 







- 







- 







V 


V|H 


3 
5 
9 


3.0 
5.0 
9.0 


- 


3.0 
5.0 
9.0 


- 


3.0 
5.0 
9.0 


- 


V 


Output Current — MC 
Vout = 2.7 V Source 
Vout = 4.6 V 
Vout = 8.5 V 

Vout = 0.3 V Sink 
Vout = 0.4 V 
Vout = 0.5 V 


lOH 


3 
5 
9 


-0.60 
-0.90 
-1.50 


- 


-0.50 
-0.75 
-1.25 


- 


-0.30 
-0.50 
-0.80 


- 


nnA 


lOL 


3 
5 
9 


1.30 
1.90 
3.80 


E 


1.10 
1.70 
3.30 


- 


0.66 
1.08 
2.10 


- 


Output Current, Or, Vqr = 4.5 V, Rr = 240 k 


ICR 


9 


- 


— 


-90 


-110 


- 


- 


^A 


Output Current, APDout 
Ro = 240 k, VcH = V, VARDout = 4.5 V 


Iapd 


9 


— 


— 


170 


350 


— 


— 


HA 


Output Current — Other Outputs 
Vout = 2.7 V Source 
Vout = 4.6 V 
Vout = 8.5 V 

Vout = 0.3 V Sink 
Vout = 0.4 V 
Vout = 0.5 V 


lOH 


3 
5 
9 


-0.44 
-0.64 
-1.30 


- 


-0.35 
-0.51 
-1.00 


- 


-0.22 
-0.36 
-0.70 


- 


mA 


lOL 


3 
5 
9 


0.44 
0.64 
1.30 


E 


0.35 
0.51 
1.00 


- 


0.22 
0.36 
0.70 


- 


Input Current — Data, CLK, ENB 


lin 


9 


- 


±0.3 


- 


±0.1 


- 


±1.0 


^lA 


Input Current — fjn, OSCjn 


lin 


9 


±2 


±50 


±2 


±25 


±2 


±22 


tiA 


Input Capacitance 


Cin 


— 


— 


10 


— 


10 


— 


10 


PF 


Three-State Output Capacitance — FSO 


Gout 


- 


- 


10 


- 


10 


- 


10 


PF 


Quiescent Current 
Vin = OVorVDD 
lout = ^A 


Idd 


3 
5 
9 


- 


800 
1200 
1600 


- 


800 
1200 
1600 


- 


1600 
2400 
3200 


^A 


Three-State Leakage Current, Vout = V or 9 V 


"OZ 


9 


- 


±0.3 


- 


±0.1 


- 


±3.0 


UA 



*DC-coupled square wave. 
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SWITCHING CHARACTERISTICS (Ta = 25°C, Cl = 50 pF) 



Characteristic 


Figure # 


Symbol 


Vqd 


IVIin 


Max 


Unit 


Output Rise Time — MO 


4,9 


tTLH 


3 
5 
9 


— 


115 
60 
40 


ns 


Output Fall Time — MC 


4,9 


tTHL 


3 
5 
9 


- 


60 
34 
30 


ns 


Output Rise and Fall Time — LD and SRout 


4,9 


tTLH. 
tTHL 


3 
5 
9 


- 


140 
80 
60 


ns 


Propagation Delay Time — fjn to MC 


5,9 


tPLH. 
tPHL 


3 
5 
9 




125 
80 
50 


ns 


Setup Times— DatatoCLK 
CLKtoENB 


6 
6 


tsu 


3 
5 
9 


30 
20 
18 


- 


ns 


3 
5 
9 


70 
32 
25 


E 


Hold Time — GLK to Data 


6 


th 


3 
5 
9 


12 
12 
15 




ns 


Recovery Time — ENB to GLK 


6 


tree 


3 
5 
9 


5 
10 
20 


- 


ns 


Input Rise and Fall Times — GLK, OSCjn, fjn 


7 


tr.tf 


3 
5 
9 




5 
2 
0.5 


\LS 


Input Pulse Width — ENB and GLK 


8 


tw 


3 
5 
9 


40 
35 
25 




ns 



NOTE: Refer to the graphs and text in application note AN969 for maximum frequency information. 
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PIN DESCRIPTIONS 
INPUT PINS 

OSCjn, OSCout 

Oscillator Input and Oscillator Output 

These pins form an on-chip reference oscillator when con- 
nected to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate value must be 
connectedfromOSCintoVssandOSCouttoVss-OSCjnmay 
also serve as input for an externally-generated reference sig- 
nal. This signal will typically be ac coupled to OSCjn, but for 
larger amplitude signals (standard CMOS logic levels), dc 
coupling may also be used. In the external reference mode, no 
connection is required to OSCout- 

fin 

Frequency Input 

Input to the positive edge triggered divide-by-N and divide- 
by-A counters, fjn is typically derived from a dual modulus 
prescaler and is ac coupled. This input has an inverter biased 
in the linear region to allow use with ac-coupled signals as low 
as 500 mV peak-to-peak or direct- coupled signals swinging 
from Vdd to Vss- 

DATA 

Serial Data Input 

Counter and control information is shifted into this Input. The 
last data bit entered goes into the one-bit control shift register. 
A logic 1 allows the reference counter information to be loaded 
into its 14-bit latch when Enable goes high. A logic entered 
as the control bit disables the reference counter latch. The di- 
vide-by-A/divide-by-N counter latch is loaded, regardless of 
the contents of the control register, when ENB goes high. The 
data entry format is shown in Figure 1 . 

ENB 

Transparent Latch Enable 

A logic high on this input allows data to be entered into the 
divide-by-A/divide-by-N latch and, if the control bit is high, 
into the reference counter latch. Counter programming is 
unaffected when ENB is low. ENB should be kept normally low 
and pulsed high to transfer data to the latches. 

CLK 

Shift Register Clock 

A low-to-high transition on this input shifts data from the 
serial data input Into the shift registers. 

component pins 

Cr 

Ramp Capacitor 

The capacitor connected from this pin to Vss' 's charged 
linearly, at a rate determined by Rr. The voltage on this 
capacitor is proportional to the phase difference of the 



frequencies present at the internal phase detector inputs. A 
polystyrene or mylar capacitor is recommended. 

Rr 

Ramp Current Bias Resistor 

A resistor connected from this pin to Vss' determines the 
rate at which the ramp capacitor is charged, thereby affecting 
the phase detector gain (see Figure 2). 

ch 

Hold Capacitor 

The charge stored on the ramp capacitor is transferred to 
the capacitor connected from this pin to either Vdd' or Vss'- 
The ratio of Cr to Ch should be large enough to have no affect 
on the phase detector gain (Cr > 10 Ch). A low-leakage 
capacitor should be used. 

Ro 

Output Bias Current Resistor 

A resistor connected from this pin to Vss' biases the output 
N-Channel transistor, thereby setting a current sink on the 
analog phase detector output. This resistor adjusts the APDout 
bias current (see Figure 3). 

OUTPUT PINS 

APDout 

Analog Phase Detector Output 

This output produces a voltage that controls an external 
VCO. The voltage range of this output (Vdd = + 9 V) is from 
below + 0.5 V to + 8 V or more. The source impedance of 
this output is the equivalent of a source follower with an exter- 
nally variable source resistor. The source resistor depends 
upon the output bias current controlled by the output bias cur- 
rent resistor, Rq. The bias current is adjustable from 0.01 mA 
to 0.5 mA. The output voltage is not more than 
1 .05 V below the sampled point on the ramp. With a constant 
sample of the ramp voltage at 9 V and the hold capacitor of 
50 pF, the instantaneous output ripple is about 5 mV peak- 
to-peak. 

CHARGE 

Ramp Charge Indicator 

This output is high from the time f r goes high to the time 
fv goes high (fR and fy are the frequencies at the phase 
detector inputs). This high voltage indicates that the ramp 
capacitor, Cr, is being charged. 

FSO 

Three-State Frequency Steering Output 

If the counted down input frequency on f jp is higher than 
the counted down reference frequency of OSCjn, this output 
goes low. If the counted down VCO frequency is lower than 
that of the counted down OSCjn, this output goes high. 

The repetition rate of the frequency steering output pulses 
is approximately equal to the difference of the frequencies 



DATA IN - 











LATCHED WHEN 
CONTROL BIT = 1 












^ 


LAST 
BIT 


AO 
LSB 




A6 
MSB 


NO 
LSB 





N9 
MSB 


RO 
LSB 




R13 
MSB 


1 1 


> — 


^^ 




CONTF 


lOLBIT 


LATCI- 
CONTF 


EDWH 
^OL BIT 


EN 
= 







SHIFT 

REGISTER 

OUT 



Figure 1. Data Entry Format 
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The repetition rate of the frequency steering output pulses 
is approximately equal to the difference of the frequencies 
of the two counted down inputs from the VCO and OSCjn- 
See Application Note AN969 for further information. 

LD 

Lock Detector Indicator 

This output is high during lock and goes low to indicate a 
non-lock condition. Thefrequency and duration of the non-lock 
pulses will be the same as either polarity of the frequency 
steering output. 

MC 

Dual Modulus Prescaler Control 

The modulus control level is low at the beginning of a count 
cycle and remains low until the divide-by-A counter has 
counted down from its programmed value. At that time, the 
modulus control goes high and remains high until the 
divide-by-N counter has counted the rest of the way down from 
its programmed value (N - A additional counts since both 
divide-by-N and divide-by-A are counting down during the first 
portion of the cycle). Modulus control is then set back low, 
the counters preset to their respective programmed values, 
and the above sequence repeated. This provides for a total 
programmable divide value of Nj = N • P + A, where P and 
P + 1 represent the dual modulus prescaler divide values 
respectively for high and low modulus control levels, N is the 
number programmed into the divide-by-N counter, and A is 
the number programmed into the divide-by-A counter. 



SRout 

Shift Register Output 

This pin is the non-inverted output of the last stage of the 
32-bit serial data shift register. It is not latched by the ENB 
line. If unused, SRout should be floated. 

power supply pins 
vdd 

Positive Power Supply 

Positive power supply input for all sections of the device 
except the analog phase detector. Vdd and Vdd' should be 
powered up at the same time to avoid damage to the 
MC1 451 59-1 . Vdd must be tied to the same potential as Vdd'- 

vss 

Negative Power Supply 

Circuit ground for all sections of the MCI 451 59-1 except 
the analog phase detector. Vss niust be tied to the same 
potential as Vss'- 

Vss' 

Analog Pliase Detector Circuit Ground 

Separate power supply and ground inputs are provided to 
help reduce the effects in the analog section of noise coming 
from the digital sections of this device and the surrounding 
circuitry. 

Vdd' 

Analog Power Supply 

Separate power supply and ground inputs are provided to 
help reduce the effects in the analog section of noise coming 
from the digital sections of this device and the surrounding 
circuitry. 
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VcH = 0V,Vapd = 0.5Vdd' 
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'charge. CHARGE CURRENT (^A) 

Figure 2. Charge Current versus Ramp Resistance 



^e.o 



!5.0 



;4.o 



3.0 



! 2.0 



1.0 

























V 






















^ 






















Vdd' = 9V 
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Rq, output resistance {kQ) 

Figure 3. APDout Bias Current vs Output Resistance 



DESIGN EQUATION 



K.= 'CHARGE 



27CfRCR 



where 
K,j, = phase detector gain, 'CKARGE 's from Figure 2 
fp = reference frequency 
Cr = ramp capacitor (in farads) 
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SWITCHING WAVEFORMS 



ANY 
OUTPUT 



tTLH-H h<- tTHL-H k- 

/iS \ 

if- 10% \ 



Figure 4. 




Figure 5. 



DATA 
*su"" 






CLK 50% 



ENB 



LAST 
CLOCK 



;< 



50% 



FIRST ' 
CLOCK 



-Vdd 
•vss 

-Vdd 

Vss 

-Vdd 

- Vss 



PREVIOUS 

DATA 
LATCHED 

Figure 6. 



CLK 
OSCjn, fjn 




90% 
10% 




Figure 7. 



-Vdd 
Vss 



ENB, CLK 



Tp 50% 



Figure 8. 



-Vdd 
■Vss 
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UNDER 
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OUTPUT 


-L 


Figure 9. 


Test Circuit 
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DESIGN CONSIDERATIONS 

CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 
Use Of A Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscilla- 
tors provide very stable reference frequencies. An oscillator 
capable of sinking and sourcing 50 |xA at CMOS logic levels 
may be direct or dc coupled to OSCjn- In general, the highest 
frequency capability is obtained utilizing a direct-coupled 
square wave having a rail-to-rail (Vdd to Vss) voltage swing. 
If the oscillator does not have CMOS logic levels on the 
outputs, capacitive or ac coupling to OSCjn may be used. 
OSCout. an unbuffered output, should be left floating. 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design An Off-chip Reference 

The user may design an off-chip crystal oscillator using ICs 
specifically developed for crystal oscillator applications, such 
as the MC12061 MECL device. The reference signal from the 
MECL device is ac coupled to OSCjn- For large amplitude 
signals (standard CMOS logic levels), dc coupling is used. 
OSCout. an unbuffered output, should be left floating. In 
general, the highest frequency capability is obtained with a 
direct-coupled square wave having rail-to-rail voltage swing. 
Use Of The On-chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 10. 

For Vdd = 5 V, the crystal should be specified for a loading 
capacitance, Cl, which does not exceed 32 pF for 
frequencies to approximately 8 MHz, 20 pF for frequencies 
in the area of 8 to 1 5 MHz, and 1 pF for higher frequencies. 
These are guidelines that provide a reasonable compromise 
between IC capacitance, drive capability, swamping varia- 
tions in stray and IC input/output capacitance, and realistic 
Cl values. Assuming R1 = Q. the shunt load capacitance, 
Cl, presented across the crystal can be estimated to be: 
where 



r 
I 

L 



C1 n^ 



p, FREQUENcTI 

,"1 SYNTHESIZER ' 

-VSA/ 



i>- 



-i 



J 



OSCin p,» OSCout 



C2 



*May be deleted in certain cases. See text. 
Figure 10. Pierce Crystal Oscillator Circuit 



Cl 



CinCput 
Cin + Cout 



C1 .02 
+ Ca + Cstray+ ^^^^^ 



Cjn = 5 pF (see Figure 11) 
Cout = 6 pF (see Figure 11) 
Ca = 1 pF (see Figure 11) 
Cl and 02 = external capacitors (see Figure 10) 
Cstray = *he total equivalent external circuit stray capaci- 
tance appearing across the crystal terminals 



Ca 



OSCin o- 



"I — r 



-| \ o OSCout 



-r 



Cstray 



■ Cout 



Figure 11. Parasitic Capacitances of the Amplifier 
and Cstray 



Rs 



cs 



1 n 2 

o — ijjl — o = 



Co 



Re 



NOTE: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 12. Equivalent Crystal Networks 

The oscillator can be "trimmed" on-frequency by making 
a portion or all of 01 variable. The crystal and associated 
components must be located as close as possible to the 
OSCjn and OSCout P'^s to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cjn and Cout- For 
this approach, the term Cstray becomes zero in the above 
expression for Cl- 

Power is dissipated in the effective series resistance of the 
crystal, Re, in Figure 12. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that a crystal can withstand without damaging or excessive 
shift in operating frequency. R1 in Figure 10 limits the drive 
level. The use of R1 is not necessary in most cases. 

To verify that the maximum dc supply voltage does not 
overdrive the crystal, monitor the output frequency as a 
function of voltage at OSCout- (Care should be taken to 
minimize loading.) The frequency should increase very 
slightly as the dc supply voltage is increased. An overdriven 
crystal will decrease in frequency or become unstable with 
an increase in supply voltage. The operating supply voltage 
must be reduced or R1 must be increased in value if the 
overdriven condition exists. The user should note that the 
oscillator start-up time is proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful. 
See Table 1 . 
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Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, 'The Piezoelectric Crystal Unit - Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2 Feb., 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency Con- 



trol", Electro-Technology, June, 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May, 1966. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7, 1985. 

D. Babin, "Guidelines for Crystal Oscillator Design", Ma- 
chine Design, April 25, 1 985. 



Table 2. Partial List of Crystal Manufacturers 



Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 


3605 McCart St., Ft. Worth, TX 76110 
2371 Crystal Dr., Ft. Myers, FL 33907 
512 N. Main St., Orange, CA 92668 


(817)921-3013 
(813)936-2109 
(714)639-7810 



NOTE: Motorola cannot recommend one supplier over another and in no way suggests that 
this is a complete listing of crystal manufacturers. 
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Figure 13. Timing Diagram for Minimum Divide Value (N = 16) 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 451 59-1 
2-573 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

Dual PLLs for 46/49 MHz 

Cordless Telephones 

CMOS 

These devices are dual phase-locked loop (PLL) frequency synthesizers In- 
tended for use primarily in 46/49 MHz cordless phones with up to 10 channels. 
These parts contain two mask-programmable counter ROMs for receive and 
transmit loops with two independent phase detect circuits. A common reference 
oscillator and reference divider are shared by the receive and transmit circuits. 

Frequency selection is accomplished via a 4-bit parallel input for the MC1 451 60 
and MC145166. The MCI 451 67 utilizes a serial interface. 

Other features include a lock detect circuit for the transmit loop, illegal code 
default, and a 5 kHz tone output. 

• Synthesizes Up to Ten Channel Pairs 

• Maximum Operating Frequency: 60 MHz @ Vjn=200 mVp-p 

• Operating Temperature Range: -40 to +75°C 

• Operating Voltage Range: 2.5 to 5.5 V 

• On-Chip Oscillator Circuit Supports External Crystal 

• Lock Detect Signal 

• Operating Power Consumption: 3.0 mA @ 3.0 V 

• Standby Mode for Power Savings: 1 .5 mA @ 3.0 V 



Part 
Number 


4.0 kHz 
Output 


Transmit 
Frequency 


Channel 
Programming 


MCI 451 60 
MCI 451 66 
MC145167 


Yes 
No 
No 


Half of Fundamental 
Fundamental 
Fundamental 


BCD 
BCD 
Serial 



PIN ASSIGNMENTS 



MCI 451 60 
MCI 451 66 
MCI 451 67 




P SUFFIX 

PLASTIC DIP 
CASE 707 



P SUFFIX 

PLASTIC DIP 
CASE 648 



DW SUFFIX 

SOG 
CASE 751 D 



DW SUFFIX 

SOG 
CASE 751 G 



ORDERING INFORMATION 



MC145160P 
MC145160DW 



MC145166P 
MC145166DW 



MC145167P 
MC145167DW 



Plastic DIP 
SOG Package 

Plastic DIP 
SOG Package 

Plastic DIP 
SOG Package 



MC145160P 



OSCout C 1 

MODE [] 2 

SB[[ 3 

5k|^ 4 

4k[^ 5 

D0|^ 6 

D1 Q 7 

D2|^ 8 

D3[; 9 



18 J OSCjn 

U vdd 

3 fini 

J OSCB 

2 PD1 

3 vss 

J PD2 

J fin2 



MC145160DW 

OSCout C 



MC145166P 
MC145166DW 



M0DE|^ 

5k[; 



4k[; 5 

D0[[ 6 

D1 [^ 7 

D2[; 8 

D3Q 9 

m\2 10 



20 



J OSCin 

Dvdd 

D^inl 
J OSCB 
2 PD1 

Dvss 

J NC 
J PD2 

:ld 

Dfin2 




NC = NO CONNECTION 



NC = NO CONNECTION 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM OF THE MC145160, MC145166, AND MC145167 
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RECEIVE COUNTER 
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f 
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5k 



"^1 



Vss 
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DET1 
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DET 
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DET 2 



MC145160ONLY 



DECODE 
LOGIC 



Vdd 



* ON-CHIP PULL DOWN 



4-BIT UTCH 



4-BIT S/R 



PD1 



LD 



PD2 



MODE 



DO 
D1 
D2 
D3 



MC145160and 
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ONLY 



ENB 



• CLK 

• DATA 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Rating 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to +6.0 


V 


Vin 


Input Voltage, All Inputs 


-0.5 to Vdd +0.5 


V 


'in. lout 


DC Current Drain Per Pin 


10 


mA 


Idd. 'ss 


DC Current Drain Vqd or ^SS Pins 


30 


mA 


Tstg 


Storage Temperature Range 


-65 to + 150 


°C 



' Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip- 
tions section. 



This device contains protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op- 
eration, Vjn and Vout should be 
constrained to the range Vss^(Vin 
or Vout) ^ Vdd- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss O"" ^dd)- Unused outputs 
must be left open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss. Ta=25°C) 



Symbol 


Characteristic 


Vdd 


Guaranteed Limit 


Unit 


Min 


Max 


Vdd 


Power Supply Voltage Range 


— 


2.5 


5.5 


V 


Vol 


Output Voltage Level 
(lout=0) 

(Vin = Vdd or 0) 1 Level 


2.5 
5.5 


— 


0.05 
0.05 


V 


VOH 


2.5 
5.5 


2.45 
5.45 


- 


V|L 


Input Voltage Level 
(Vout=0.5VorVDD-0.5V) 

1 Level 


2.5 
5.5 


- 


0.75 
1.65 


V 


V|H 


2.5 
5.5 


1.75 
3.85 


- 


Iqh 


Output Current (Vout= 2.2 V) Source 
(Vout=5.0V) 

(Vout=0.3V) Sink 
(Vout=0.5V) 


2.5 
5.5 


-0.18 
-0.55 


_ 


mA 


IQL 


2.5 
5.5 


0.18 
0.55 


- 


l|L 


Input Current OSCjn, fjnl , fin2 
(Vin=0) 

DATA, SB, Mode 
(Vin=VDD-0.5) OSCjn, fjnl . tin2 

DATA, SB, Mode 


2.5 
5.5 


— 


-30 
-66 


^A 


2.5 
5.5 


- 


-0.05 
-0.11 


l|H 


2.5 
5.5 


— 


30 
66 


^lA 


2.5 
5.5 


_ 


50 
121 


Cin 


Input Capacitance 


— 


— 


8.0 


PF 


Cout 


Output Capacitance 


— 


— 


8.0 


PF 


'dd 


Standby Current, SB = Vss or Open 


2.5 
5.5 


— 


1.4 
3.6 


mA 


"dd 


Operating Current 
(200 mVp-p input at fjni and fjn2, SB = Vdd) 


2.5 
5.5 


- 


2.8 
6.2 


mA 


loz 


Three-State Leakage Current 
(Vout=0or5.5V) 


5.5 


- 


±1.0 


^IA 
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IVIOTOROLA COIVIMUNICATIONS DEVICE DATA 



SWITCHING CHARACTERISTICS (Ta=25''C, Cl=50 pF) 



Symbol 


Characteristic 


Figure # 


Vdd 


Guaranteed Limit 


Unit 


Min 


Max 


tlLH 


Output Rise Time 


1.5 


3.0 
5.0 


— 


200 
100 


ns 


tlHL 


Output Fall Time 


1,5 


3.0 
5.0 


— 


200 
100 


ns 


tr.tf 


Input Rise and Fall Time, OSCjn 


2 


3.0 
5.0 


— 


5.0 
4.0 


^s 


^max 


Input Frequency OSCjn 
Input = Sine Wave 200 mVp-p fjni 

fin2 




3.0-5.0 
3.0-5.0 
3.0-5.0 


E 


12 
60 
60 


MHz 


tsu 


Setup Time (MC1 451 67) DATA to CLK 

ENBtoCLK 


3 


3.0 
5.0 


100 
50 


— 


ns 


3.0 
5.0 


200 
100 


— 


th 


Hold Time (MC145167). CLK to DATA 


3 


3.0 
5.0 


80 
40 


_ 


ns 


tree 


Recovery Time (MC145167), ENB to CLK 


3 


3.0 
5.0 


80 
40 


— 


ns 


tw 


Input Pulse Width (MC1 451 67), CLK and ENB 


4 


3.0 
5.0 


80 
60 


— 


ns 



tTLH-^ -^ 



ANY 
OUTPUT - 



A 



90% 
10% 



Figure 1. 



SWITCHING WAVEFORMS 



tTHL -*- 



\ 



OSCin,fi 



'in. 'in 



if- 90% 



Figure 2. 



^. 



DATA- 



CLK- 



tsu 
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CLK ^ 
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Figure 3. 
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CLK 



7- first\ 

^ CLK ^ 



previous V 
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Figure 4. 
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PIN DESCRIPTIONS 



INPUTS 



OSCjn/OSCout 
Reference Oscillator Inp 

These pins form a rererence oscillator when connected 
to an external parallel-resonant crystal. For a 46/49 MHz 
cordless phone application, a 10.24-MHz crystal is needed. 
OSCjn may also serve as input for an externally gener- 
ated reference signal. This signal is typically ac coupled to 
OSCjn, but for larger amplitude signals (standard CMOS logic 
levels) dc coupling may also be used. In the external 
reference mode, no connection is required for OSCout- 

MODE 

Mode is for determining whether the part is to be used in 
the base or handset of a cordless phone. Internally, this pin 
is used in the decoding logic for selecting the ROM address. 
When high, the device Is set in the base mode, and when 
low, it is set in the handset mode. This input has an internal 
pull-down device. 

SB 

Standby Input 

The standby pin is used to save power when not 
transmitting. When high, both the transmit and receive loops 
are in operation. When low, the transmit loop is disabled, 
thereby reducing power consumption. This input has an 
internal pull-down device. 

D0-D3 
Data Inputs 

These inputs provide the BCD code for selecting the one 
of ten channels to be locked in both the transmit and receive 
loop. When address data other than 1-10 are input, the 
decoding logic defaults to channel 10. The frequency 
assignments with reference to Mode and D0-D3 are shown 
in Table 1 . These inputs have internal pull-down devices. 

f|n1>^ln2 
Frequency Inputs 

fjni and fin2 are inputs to the divide-by-N receive and 
transmit counters, respectively. These signals are typically 
derived from the loop VCO and are ac coupled. For larger 
amplitude signals (standard CMOS logic levels), dc coupling 
may be used. The minimum input level is 200 mVp-p. 



CLK, DATA 
Clock, Data 

These pins provide the BCD input by using serial channel 
programming Instead of parallel. Logical high represents a 1. 
Each low-to-high transition of the clock shifts one bit of data 
into the on-chip shift register. 
ENB 
Enable 

The enable pin controls the data transfer from the shift 
register to the 4-bit latch. A positive pulse latches the data. 

OUTPUTS 

5k, 4k 

5-kHz and 4-kHz Tone Signals 

These are 5-kHz and 4-kHz tone signals derived from the 
reference oscillator, these are N-channel open-drain outputs. 

LD 

Lock Detect Signal 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-lock condition. 
This is a P-channel open-drain output. 

PD1,PD2 

Phase Detector Outputs 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 
Frequency fv > fr or iy leading: Output = Negative pulses 
Frequency fv < fr or fv lagging: Output = Positive pulses 
Frequency fv = fr and phase coincidence: 
Output = High-impedance state 

OSCB 

Buffered Reference Oscillator 

Buffered output of the on-chip reference oscillator or 
externally provided reference. This output is available on the 
MCI 451 60 only. 

POWER SUPPLY 

VSS 

Negative Power Supply 

This pin is the negative supply potential and is usually 
ground. 

vdd 

Positive Power Supply 

This pin is the positive supply potential and may range from 
+ 2.5 to + 5.5 V with respect to VsS- 



Table 1. MC1 451 66/67 Divide Ratios and VCO Frequencies 



Channels 


Handset (Mode=0) 


Base(Mode=1) 


03 


D2 


D1 


DO 


CH# 


fin2— Transmit 


fjni— Receive 


fin2— Transmit 


fjni— Receive | 


Fvco(MHz) 


^N 


Fvco(MHz) 


-^N 


Fvco(MHz) 


-^N 


Fvco(MHz) 


^N 













1 


49.670 


9934 


35.915 


7183 


46.610 


9322 


38.975 


7795 








1 




2 


49.845 


9969 


35.935 


7187 


46.630 


9326 


39.150 


7830 








1 




3 


49.860 


9972 


35.975 


7195 


46.670 


9334 


39.165 


7833 





1 








4 


49.770 


9954 


36.015 


7203 


46.710 


9342 


39.075 


7815 





1 







5 


49.875 


9975 


36.035 


7207 


46.730 


9346 


39.180 


7836 





1 


1 





6 


49.830 


9966 


36.075 


7215 


46.770 


9354 


39.135 


7827 





1 


1 




7 


49.890 


9978 


36.135 


7227 


46.830 


9366 


39.195 


7839 


1 











8 


49.930 


9986 


36.175 


7235 


46.870 


9374 


39.235 


7847 


1 










9 


49.990 


9998 


36.235 


7247 


46.930 


9386 


39.295 


7859 


1 





1 





10 


49.970 


9994 


36.275 


7255 


46.970 


9394 


39.275 


7855 



NOTES: 

1 . Other input combinations will be defaulted to channel 1 

2. Half the frequency of fjn2 for MCI 451 60 

3. 0= logic low, 1 = logic high. 
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Figures. MC145166 Circuit Example 
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(D 
O) 



a 



> 






o 
o 



V 



46.610 MHz 



FILTER 



49.670 MHz 




1ST \ 10^695MHz/ 2ND \ 0-455 MHz 
MIX J ^ MIX 



10.24 MHz 



Iho- 



OSCout 



up 10.24 MHz 



46.610 MHz 



510 MHz /'"^ 
I \ ( BUF V 



OSCir 



fin-T 



Hho- 




(^RF\i^^ 



HI— VW-«— / DIALING j 



DC 



MC145166 



AMP 



PROG. A 
PRESCALER 



;;>LU 



5 kHz 



5 kHz 



11 BITS , 



REF. 
COUNTER 



^MP 



PROG. B 
PRESCALER 



PHASE 
DET 



5 kHz 



PHASE 

DET 

B 



14 BITS 



( ROM J- 



ii n a n li 



LOCK t-i 
DET 



00000 O yO S^ 

MODE D3 D2 D1 DO ^53 ^DD LD 



PD-R 

-O— 



LP. FILTER 



-O 5 kHz 



PD-T 

-o— ^A/v — f 



LP. FILTER 



-AW- 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
Dual PLL for 30/39 MHz 
Cordless Telephones 

CMOS 

The MC145161 is a dual phase-locked loop (PLL) frequency synthesizer 
intended for use primarily in 30/39 MHz cordless phones with up to 10 channels. 
This part contains two mask-programmable counter ROMs for receive and 
transmit loops with two independent phase detect circuits. A common reference 
oscillator and reference divider are shared by the receive and transmit circuits. 

Frequency selection is accomplished via a 4-bit serial input. 

Other features include a lock detect circuit for the transmit loop, illegal code 
default, and a 5-kHz tone output. 

• Applications: Bases and Handsets of Cordless Phones for the 

Australian Market 

• Synthesizes Up to Ten Channel Pairs 

• Maximum Operating Frequency: 60 MHz @ Vin=200 mVp-p 

• Operating Temperature Range: -40 to +75°C 

• Operating Voltage Range: 2.5 to 5.5 V 

• On-Chip Oscillator Circuit Supports External Crystal 

• Lock Detect Signal 

• Operating Power Consumption: 3.0 mA @ 3.0 V 

• Standby Mode for Power Savings: 1.5 mA @ 3.0 V 



MCI 451 61 




P SUFFIX 

PLASTIC DIP 
CASE 648 



DW SUFFIX 

SOG 
CASE 751 G 



ORDERING INFORMATION 



MCI 451 61 P 
MCI 451 61 DW 



Plastic DIP 
SOG Package 



PIN ASSIGNMENT 


OSCout [ 


1 • 16 


] OSCin 


MODE [ 


2 15 


] Vdd 


SB [ 


3 14 


] fim 


5k [ 


4 13 


] PD1 


DATA [ 


5 12 


] Vss 


CLK [ 


6 11 


] PD2 


NC [ 


7 10 


] LD 


ENB [ 


8 9 


] fin2 


NC 


= NOCONNECTI 


DN 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM OF THE MC145161 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Rating 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to +6.0 


V 


Vin 


Input Voltage, All Inputs 


-0.5 to Vdd +0.5 


V 


'in> 'out 


DC Current Drain Per Pin 


10 


mA 


•dd. 'ss 


DC Current Drain Vqd or Vss P'^s 


30 


mA 


Tstg 


Storage Temperature Range 


-65 to + 150 


°C 



' Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip- 
tions section. 



This device contains protection 
circuitry to guard against damage due 
to high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op- 
eration, Vjn and Vout should be con- 
strained to the range Vss^(Vin or 
Vout)^VDD- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss or Vdd)- Unused outputs 
must be left open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss. Ta=25°C) 



Symbol 


^ Characteristic 


Vdd 


Guaranteed Limit 


Unit 


Min 


Max 


Vdd 


Power Supply Voltage Range 


— 


2.5 


5.5 


V 


Vol 


Output Voltage Level 
(lout=0) 

(Vin = Vdd or 0) 1 Level 


2.5 
5.5 


- 


0.05 
0.05 


V 


Vqh 


2.5 
5.5 


2.45 
5.45 


- 


V|L 


Input Voltage Level 
(Vout=0.5VorVDD-0.5V) 

1 Level 


2.5 
5.5 


- 


0.75 
1.65 


V 


V|H 


2.5 
5.5 


1.75 
3.85 


- 


Iqh 


Output Current (Vout= 2.2 V) Source 
(Vout=5.0V) 

(Vout=0.3V) Sink 
(Vout=0.5V) 


2.5 
5.5 


-0.18 
-0.55 


- 


mA 


lOL 


2.5 
5.5 


0.18 
0.55 


- 


l|L 


Input Current OSCjn, fini . fin2 
(Vin = 0) 

Data, SB, Mode 
(Vin=VDD-0.5) OSCjn, fjnl. fin2 

Data, SB, Mode 


2.5 
5.5 


- 


-30 
-66 


^lA 


2.5 
5.5 


- 


-0.05 
-0.11 


l|H 


2.5 
5.5 


- 


30 
66 


^lA 


2.5 
5.5 


_ 


50 
121 


Cm 


Input Capacitance 


— 


— 


8.0 


PF 


Gout 


Output Capacitance 


— 


— 


8.0 


pF 


'dd 


Standby Current, SB = Vss or Open 


2.5 
5.5 


_ 


1.4 
3.6 


mA 


Idd 


Operating Current 
(200 mVp-p input at fjni and fjn2, SB = Vdd) 


2.5 
5.5 


- 


2.8 
6.2 


mA 


loz 


Three-State Leakage Current 
(Vout=0or5.5V) 


5.5 


- 


±1.0 


^lA 
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SWITCHING CHARACTERISTICS {Ta=25''C, CL=50pF) 



Symbol 


Characteristic 


Figure # 


Vdd 


Guaranteed Limit 


Unit 


Min 


Max 


tJLH 


Output Rise Time 


1,5 


3.0 
5.0 


— 


200 
100 


ns 


tJHL 


Output Fall Time 


1,5 


3.0 
5.0 


_ 


200 
100 


ns 


tr.tf 


Input Rise and Fall Time, OSCjn 


2 


3.0 
5.0 


— 


5.0 
4.0 


^s 


fmax 


Input Frequency OSCjn 
Input = Sine Wave 200 mVp-p fjni 

fin2 




3.0-5.0 
3.0-5.0 
3.0-5.0 


- 


12 
60 
60 


MHz 


tsu 


Setup Time DATA to CLK 

ENBtoCLK 


3 


3.0 
5.0 


100 
50 


— 


ns 


3.0 
5.0 


200 
100 


— 


th 


Hold Time, CLK to DATA 


3 


3.0 
5.0 


80 
40 


— 


ns 


tree 


Recovery Time, ENB to CLK 


3 


3.0 
5.0 


80 
40 


_ 


ns 


tw 


Input Pulse Width, CLK and ENB 


4 


3.0 
5.0 


80 
60 


— 


ns 



SWITCHING WAVEFORMS 
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PIN DESCRIPTIONS 



INPUTS 



OSCjn/OSCout 

Reference Oscillator Input/Output (Pins 16, 1) 

These pins form a reference oscillator when connected 
to an external parallel-resonant crystal. For a 30/39 MHz 
cordless phone application, a 10.24-MHz crystal is 
needed. OSCjn may also serve as input for an externally 
generated reference signal. This signal is typically ac 
coupled to OSCjn, but for larger amplitude signals 
(standard CMOS logic levels) dc coupling may also be 
used. In the external reference mode, no connection is 
required for OSCout- 

MODE 
(Pin 2) 

Mode is for determining whether the part is to be used in 
the base or handset of a cordless phone. Internally, this pin 
is used in the decoding logic for selecting the ROM address. 
When high, the device is set in the base mode, and when low, 
it is set in the handset mode. This input has an internal 
pull-down device. 

SB 

Standby input (Pin 3) 

The standby pin is used to save power when not 
transmitting. When high, both the transmit and receive 
loops are in operation. When low, the transmit loop is 
disabled, thereby reducing powerconsumption. This input 
has an internal pull-down device. 

fin1>*in2 

Frequency Inputs (Pins 14, 9) 

fjni and fin2 are inputs to the divide-by-N receive and 
transmit counters, respectively. These signals are 
typically derived from the loop VCO and are ac coupled. 
For larger amplitude signals (standard CMOS logic 
levels), dc coupling may be used. The minimum input level 
is 200 mVp-p. 



CLK, DATA 

Cloclc, Data (Pins 6, 5) 

These pins provide the BCD input by using serial channel 
programming. Logical high represents a 1 . Each low-to-high 
transition of the clock shifts one bit of data into the on-chip 
shift register. 
ENB 
Enable (Pin 8) 

The enable pin controls the data transfer from the shift 
register to the 4-bit latch. A positive pulse latches the data. 

OUTPUTS 

5k 

5-kHz Tone Signal (Pin 4) 

This 5-kHz tone signal is derived from the reference 
oscillator; this is an N-channel open-drain output. 

LD 

Lock Detect Signal (Pin 10) 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-lock condition. 
This is a P-channel open-drain output. 

PD1,PD2 

Phase Detector Outputs (Pins 13, 11) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 
Frequency fv>fr or fv leading: Output=Negative pulses 
Frequency fv<fr or fv lagging: Output=Positive pulses 
Frequency fv=fr and phase coincidence: Output High- 
Impedance state 

POWER SUPPLY 

vss 

Negative Power Supply (Pin 12) 

This pin is the negative supply potential and is usually 
ground. 

Vdd 

Positive Power Supply (Pin 15) 

This pin is the positive supply potential and may range from 
+ 2.5 to +5.5 V with respect to Vss- 









Table 1. 


Divide Ratios and VCO Frequencies (used for the Australian Market) 




Channels 


Handset (Mode=0) 


Base(Mode=1) 


D3 


D2 


D1 


DO 


CH# 


fjn2— Transmit 


fjni— Receive 


fin2— Transmit 


fjni— Receive 


Fvco(MHz) 


^N 


Fvco(MHz) 


^N 


FvC0(MH2) 


-4-N 


Fvco(MHz) 


^N 













1 


39.775 


7955 


19.380 


3876 


30.075 


6015 


29.080 


5816 








1 





2 


39.825 


7965 


19.430 


3886 


30.125 


6025 


29.130 


5826 








1 




3 


39.875 


7975 


19.480 


3896 


30.175 


6035 


29.180 


5836 





1 








4 


39.925 


7985 


19.530 


3906 


30.225 


6045 


29.230 


5846 





1 







5 


39.975 


7995 


19.580 


3916 


30.275 


6055 


29.280 


5856 





1 


1 





6 


39.800 


7960 


19.405 


3881 


30.100 


6020 


29.105 


5821 





1 


1 




7 


39.850 


7970 


19.455 


3891 


30.150 


6030 


29.155 


5831 


1 











8 


39.900 


7980 


19.505 


3901 


30.200 


6040 


29.205 


5841 


1 










9 


39.950 


7990 


19.555 


3911 


30.250 


6050 


29.255 


5851 


1 





1 





10 


40.000 


8000 


19.605 


3921 


30.300 


6060 


29.305 


5861 



NOTES: 

1 . Other input combinations will be defaulted to channel 1 

2. 0= logic low, 1 = logic high 

3. First IF = 10.695 MHz 
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Advance Information 

60 MHz Universal Programmable 

Dual PLL Frequency Synthesizer 

CMOS 

The MC145162 is a dual phase-locked loop (PLL) frequency synthesizer 
especially designed for CT-1 cordless phone applications worldwide. This 
frequency synthesizer is also for any products with frequency operation at 60 MHz 
or below. 

The device features fully programmable receive, transmit, reference, and 
auxiliary reference counters accessed through an MOD serial interface. This 
feature allows this device to operate in any CT-1 cordless phone application. The 
device consists of two Independent phase detectors for transmit and receive 
loops. A common reference oscillator, driving two independent reference 
frequency counters, provides independent reference frequencies for transmit and 
receive loops. The auxiliary reference counter allows the user to select an 
additional reference frequency for receive and transmit loops if required. 

• Operating Voltage Range: 2.5 to 5.5 V 

• Operating Temperature Range: - 40 to +75°C 

• Operating Power Consumption: 3.0 mA @ 2.5 V 

• Maximum Operating Frequency: 60 MHz @ 200 mVp-p, Vqd = 2.5 V 

• 3 or 4 Pins Used for Serial MCU Interface 

• Built-in MCU Clock Output with Frequency of Reference Oscillator -5- 3/-^ 4 

• Power Saving Mode Controlled by MCU 

• Lock Detect Signal 

• On-Chip Reference Oscillator Supports External Crystals to 16.0 MHz 

• Reference Frequency Counter Division Range: 1 6 to 4095 

• Auxiliary Reference Frequency Counter Division Range: 16 to 16,383 

• Transmit Counter Division Range: 1 6 to 65,535 

• Receive Counter Division Range: 16 to 65,535 
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P SUFFIX 

PLASTIC DIP 
CASE 648 



D SUFFIX 

SOG 
CASE 751 B 



ORDERING INFORMATION 

MC145162P Plastic DIP 

MC145162D SOG 



PIN ASSIGNMENT 




This document contains information on a new product. Specifications and information herein are subject to change without notice. 



REV. 1 
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BLOCK DIAGRAM 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Rating 


Value 


Unit 


Vdd 


DC Supply Voltage 


- 0.5 to + 6.0 


V 


Vjn 


Input Voltage, All Inputs 


-0.5 to Vdd +0.5 


V 


'in- 'out 


DC Current Drain Per Pin 


10 


mA 


'dd. 'ss 


DC Current Drain Vqd or Vss P'^s 


30 


nnA 


Tstg 


Storage Temperature Range 


-65 to + 150 


°C 



•Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 



This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, pre- 
cautions must be taken to avoid applica- 
tion of any voltage higher than maximum 
rated voltages to this high-impedance cir- 
cuit. For proper operation, Vjn and Vout 
should be constrained to the range Vss ^ 
(Vin or Vout) ^ Vpo- 

Unused pins must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss or Vdd)- Unused outputs must be left 
open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss, Ta = 25°C) 



Symbol 


Characteristic 


Vdd 


Guaranteed Limit 


Unit 


Min 


Max 


Vdd 


Power Supply Voltage Range 


- 


2.5 


5.5 


V 


Vol 


Output Voltage Level 
('out = 0) 

(Vin = Vdd or 0) 1 Level 


2.5 
5.5 


— 


0.1 
0.1 


VOH 


2.5 
5.5 


2.45 
5.45 


— 


V 


V|L 


Input Voltage Level 
(Vout = 0.5 V or Vdd -0.5 V) 

1 Level 


2.5 
5.5 


— 


0.75 
1.65 


V 


V|H 


2.5 
5.5 


1.75 
3.85 


— 


'oh 


Output Current (Vout = 2.2 V) Source 
(Vout = 5.0 V) 

(Vout = 0.3 V) Sink 
(Vout = 0.5 V) 


2.5 
5.5 


-0.18 
-0.55 


— 


mA 


"OL 


2.5 
5.5 


0.18 
0.55 


— 


'IL 


Input Current OSCjn, fin-T ^in-R 
(Vin = 0) 

ADjn, CLK, Djn, ENB 
(Vin = Vdd -0.5) OSCin,fin-T.fin-R 

ADjn, CLK, Djn, ENB 


2.5 
5.5 


— 


-30 
-66 


^lA 


2.5 
5.5 


— 


-1.0 
-1.0 


'IH 


2.5 
5.5 


— 


30 
66 


^A 


2.5 
5.5 


— 


5.0 
5.0 


'OZ 


Three-State Leakage Current (Vout = V or 5.5 V) 


5.5 


- 


±100 


nA 


Cin 


Input Capacitance 


- 


- 


8.0 


pF 


Cout 


Output Capacitance 


- 


- 


8.0 


PF 


iDD(stdby) 


Standby Current 
(All Counters are in Power-Down Mode with Oscillator On) 


2.5 
5.5 


— 


0.3 
1.5 


mA 


"DD 


Operating Current 
(200 mVp-p input at fjn-T = 60 MHz and fjn-R = 60 MHz, OSC = 10.24 MHz) 


2.5 
5.5 


— 


3.0 
10 


mA 
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SWITCHING CHARACTERISTICS (Ta = 25°C, Cl = 50 pF) 



Symbol 


Characteristic 


Figure # 


Vdd 


Guaranteed Limit 


Unit 


IVIin 


Max 


tjLH 


Output Rise Time 


1 


2.5 
5.5 


— 


200 
100 


ns 


tjHL 


Output Fall Time 


1 


2.5 
5.5 


— 


200 
100 


ns 


tr.tf 


Input Rise and Fall Time, OSCjn 


2 


2.5 
5.5 


— 


5.0 
4.0 


^s 


tw 


Input Pulse Width, CLK and ENB 


3 


2.5 
5.5 


80 
60 


— 


ns 


^max 


Input Frequency OSCjn 
(Input = Sine Wave @ > 200 mVp-p fjn-T 

fin-R 




2.5-5.5 
2.5-5.5 
2.5-5.5 


z 


16 
60 
60 


MHz 


tsu 


Setup Time Data to CLK 

ENB to CLK 


5 


2.5-5.5 
2.5-5.5 


100 
200 


— 


ns 


th 


Hold Time, CLK to Data 


5 


2.5 
5.5 


80 
40 


— 


ns 


tree 


Recovery Time, ENB to CLK 


5 


2.5 
5.5 


80 
40 


— 


ns 


tsu1 


Setup Time, ENB to CLK 


4 


2.5-5.5 


80 


- 


ns 


th1 


Hold Time, CLK to ENB 


4 


2.5-5.5 


600 


- 


ns 



SWITCHING WAVEFORMS 




Figure 1 . 
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- Vdd 
Vss 



ENB, CLK 



CLK 



ENB 



50% 



Figure 3. 
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Figure 4. ENB High During Serial Transfer 



Figure 5. ENB Low During Serial Transfer 
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PIN DESCRIPTIONS 

OSCin/OSCout 

Reference Oscillator Input/Output (Pins 8, 7) 

These pins form a reference oscillator when connected to 
an external parallel-resonant crystal. Figure 6 shows the rela- 
tionship of different crystal frequencies and reference 
frequencies for cordless phone applications in various coun- 
tries. OSC|n may also serve as input for an extemally 
generated reference signal which is typically ac coupled. 

MCUCLK 

System Clock (Pin 5) 

This output pin provides a signal of the crystal frequency 
(OSCout) divided by 3 or 4 that is controlled by a bit in the con- 
trol register. 

This signal can be a clock source for the MOD or other sys- 
tem clocks. 

ADin, D|n, CLK, ENB 

Auxiliary Data In, Data In, Clock, Enable (Pins 2, 3, 1, 4) 

These four pins provide an MCU serial interface for pro- 
gramming the reference counter, the transmit-channel 
counter, and the receive-channel counter. They also provide 
various controls of the PLL including the power saving mode 
and the programming format. 

TxPS/fTx, RxPS/fRx 

Transmit Power Save, Receive Power Save (Pins 13, 11) 

For a normal application, these output pins provide the sta- 
tus of the internal power saving mode operation. If the 
transmit-channels counter circuitry is in power down mode, 
TxPS/fjx outputs a high state. If the receive-channels counter 
circuitry is in power down mode, RxPS/fRx 's set high. These 
outputs can be applied for controlling the external power 
switch for the transmitter and the receiver to save MCU control 
pins. 

In the Tx/Rx channel counter test mode, the TxPS/fjx and 
RxPS/fRx pins output the divided value of the transmit 



channel counter (fjx) and the receive channel counter (fRx). 
respectively. This test mode operation is controlled by the con- 
trol register. Details of the counter test mode are in the Tx/Rx 
Channel Counter Test section of this data sheet. 

f|n-T/*in-R 

Transmit/Receive Counter Inputs (Pins 14, 9) 

fjn-T and fjn-R are inputs to the transmit and the receive 
counters, respectively. These signals are typically driven from 
the loop VCO and ac-coupled. The minimum input signal level 
is 200 mVp-p @ 60.0 MHz. 

TxPDout/RxPDout 

Transmit/Receive Phase Detector Outputs (Pins 15, 10) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals (see Figure 7 for 
phase detector output waveforms). 

Frequency fv > fR or iy leading: output = negative pulse. 

Frequency fv < fR or fy lagging: output = positive pulse. 

Frequency fv = fR and phase coincidence: output = high- 
impedance state. 

f R is the divided-down reference frequency at the phase de- 
tector input and fv is the divided-down VCO frequency at the 
phase detector input. 

LD 

Lock Detect (Pin 16) 

The lock detect signal is associated with the transmit loop. 
The output at a high level indicates an out-of-lock condition 
(see Figure 7 for the LD output waveform). 

vdd 

Positive Power Supply (Pin 12) 

Vdd is the most positive power supply potential ranging 
from 2.5 to 5.5 V with respect to Vss- 

vss 

Negative Power Supply (Pin 6) 

Vss is the most negative supply potential and is usually con- 
nected to ground. 
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Figure 6. Reference Frequencies for Cordless Phone Applications of Various Countries 
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fR, REFERENCE 
(OSCjn + REFERENCE COUNTER) 

fV, FEEDBACK 

(fjn-T + Tx COUNTER OR 

fjn-R-Rx COUNTER) 



TxPDg^, 
RxPDout 




— Vh 

HIGH IMPEDANCE 



Vh = High voltage level 

V|_ = Low voltage level 

*At this point, when both fR and fy are in phase, the output Is forced to near mid supply. 

Note: The TxPOgut and RxPDout generate error pulses during out-of-lock conditions. When locked in phase and frequency, the 

output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor. 



Figure 7. Phase Detector/Lock Detector Output Waveforms 



MCU PROGRAMMING SCHEME 

The MCU programming scheme is defined in two formats 
controlled by the ENB input. If the enable signal is high 
during the serial data transfer, control register/reference 
frequency programming is selected. If the ENB is low, 
programming of the transmit and receive counters is 
selected. During programming of the transmit and receive 
counters, both ADin and Dip pins can input the data to the 
transmit and receive counters. Both counters' data Is 
clocked Into the PLL internal shift register at the leading 
edge of the CLK signal. It Is not necessary to reprogram 
the reference frequency counter/control register when 
using the enable signal to program the transmit/receive 
channels. 

In programming the control register/reference frequency 
scheme, the most significant bit (MSB) of the programming 
word identifies whether the input data is the control word 
or the reference frequency data word. If the MSB Is 1 , the 
Input data is the control word (Figure 8). Also see Figure 
NO TAG and Table 1 for control register and bit function. 
If the MSB is 0, the input data is the reference frequency 
(Figure 9). 

The reference frequency data word is a 32-bit word 
containing the 12-bit reference frequency data, the 14-blt 
auxiliary reference frequency counter information, the 
reference frequency selection plus, the auxiliary reference 
frequency counter enable bit (Figure 9). 

If the AUX REF ENB bit Is high, the 14-blt auxiliary 
referencefrequencycounterprovldes an additional phase 



reference frequency output for the loops. If AUX REF ENB 
bit is low, the auxiliary reference frequency counter Is 
forced Into power-down mode for current saving. (Other 
power down modes are also provided through the control 
register per Table 2 and Figure 8.) At the falling edge of 
the ENB signal, the data is stored in the registers. 

There are two Interfacing schemes for the universal 
channel mode: the three-pin and the four-pin interfacing 
schemes. The three-pin Interfacing scheme is suited for 
use with the MCU SPI (serial peripheral Interface) (Figure 
10), while the four-pin interfacing scheme Is commonly 
used for general I/O port connection (Figure 11). 

For the three-pin interfacing scheme, the auxiliary data 
select bit is set to 0. All 32 bits of data, which define both 
the 1 6-bit transmit counter and the 1 6-bit receive counter, 
latch into the PLL Internal register through the data in pins 
at the leading edge of CLK. See Figures 12 and 13. 

For the four-pin interfacing scheme, the auxiliary data 
select bit is set to 1. In this scheme, the 16-bit transmit 
counter's data enters into the ADjn pin at the same time 
as the 1 6-bit receive counter's data enters Into the Din P'"- 
This simultaneous entry of the transmit and receive 
counters causes the programming period of the four-pin 
scheme to be half that of the three-pin scheme (see 
Figures 14 and 15). 

While programming Tx/Rx Channel Counter, the ENB 
pin must be pulsed to provide falling edge to latch the 
shifted data afterthe rising edge of the last clock. Maximum 
data transfer rate is 500 kbps. 
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CONTROL REGISTER IDENTIFIER = 1 



CLK 




CONTROL REGISTER DATA 
/^ 



MSB 



1 AUX \ 

DATA \ 

. SELECT / 


' OUT 
\-*-3/-f-4i 



















TxPD V RxPD V REF PD \ 
ENABLE A ENABLE A ENABLE i 



LSB 



ENB 



Note: ENB must be high during the serial transfer. 



Figure 8. Programming Format of the Control Register 



Table 1 . Control Register Function Bits Description 



Test Bit 



Set to 1 for Tx/Rx channel counter test mode 
Set to for normal application 



Aux Data Select 



Set to 1 for both ADjn and Djp pins inputting the transmit 16-bits data and receive 16-bits data respectively. 

Set to for normal application interfacing with MCU serial peripheral Interface. Does not use ADjn pin; tie ADjn to Vss- 



REFout-*-3/-4 



If set to 1 , REpQut output frequency is equal to OSCout -^ 3. 
If set to 0, REpQut output is OSCout "^ 4. 



TxPD Enable 



If set to 1 , the transmit counter, transmit phase detector, and the associated circuitry is in power-down mode. 
Tx PS/fTx is set "High". 



RxPD Enable 



If set to 1 , the receive counter, receive phase detector, and the associated circuitry is in power-down mode. 
RxPS/fRxisset"High". 



Ref PD Enable 



If set to 1 , both 12-bit and 14-bit reference frequency counters are in power-down mode. 



Table 2. Control Register Power Down Bits Function 



TxPD 
Enable 


RxPD 
Enable 


REFPD 
Enable 


Tx-Channel Counter 


Rx-Channel Counter 


Reference 
Frequency Counter 











— 


— 


— 








1 


— 


— 


Power Down 





1 





— 


Power Down 


— 





1 


1 


— 


Power Down 


Power Down 


1 








Power Down 


— 


— 


1 





1 


Power Down 


— 


Power Down 


1 


1 





Power Down 


Power Down 


— 


1 


1 


1 


Power Down 


Power Down 


Power Down 
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REFERENCE FREQUENCY COUNTER 
IDENTIFIER = 




REFERENCE 

FREQUENCY 

SELECT 



AUX REFERENCE 

FREQUENCY COUNTER 

DIVIDE RATIO 



AUX 
REF , 
ENABLE A SELECT, 



Tx-0 V Rx-0 V 12 
ELECTA SELECT X 




CLK 



-55- 



ENB 



Note: ENB must be high during the serial transfer. 

Figure 9. Programming Format of tiie Auxiliary/Reference Frequency Counters 



MCU 

USING 

SERIALPERIPHERAL 

INTERFACE PORT 



Din 
CLK 
ENB 









UNIVERSAL PLL 




AUX DATA BIT = 







Figure 10. MOD Interface Using SPI 



MCU 

USING 

NORMAL I/O PORT 



ADin 
Din 
CLK 
ENB 



UNIVERSAL PLL 
AUX DATA BIT = 1 



Figure 11. IVICU Interface Using Normal I/O Ports with Both Djn and ADjn for Faster Programming Time 
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CONTROL REGISTER IDENTIFIER = 1 



CONTROL REGISTER DATA 
/\ 



AUX DATA SELECT = 
CLK 



AUX 
DATA 



REF 
OUT 



TEST Y DATA Y OUT Y TxPD V RxPD V R^FPD 
B'T AsELECT A-3/^4A ENABLE A ENABLE A ENABLE 



LSB 



ENB 



Note: ENB must be high during the serial transfer. 

Figure 12. Programming Format for Control Register (3-Pin Interfacing Scheme) 
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Note: ENB must be low during the serial transfer. 

Figure 13. Programming Format for Transmit and Receive Counters (3-Pin Interfacing Scheme) 



CONTROL REGISTER IDENTIFIER = 1 



AUX DATA SELECT = 1 



CLK 



f^SB 



TEST 
BIT 



CONTROL REGISTER DATA 
/S 



AUX 
DATA 



REF 
OUT 



TxPD 



I SELECT A ^3/ -^4/ 

zr 



RxPD Y REFPD 
ENABLE A ENABLE A ENABLE 



LSB 



ENB 

Note: ENB must be high during the serial transfer. 

Figure 14. Programming Format for Control Register (4-Pin Interfacing Scheme) 
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ADln 



CLK 



ENB 



16-BIT Tx COUNTER 
DIVDE RATIO 



16-BIT Rx COUNTER 
DIVIDE RATIO 



, LAST 
CLOCK 



Note: ENB must be low during the serial transfer. 

Figure 15. Programming Format for Transmit and Receive Counters (4-Pin Interfacing Scheme) 

Table 3. Global CT-1 Reference Frequency Setting vs Channel Frequencies 



Country 


Channels Frequency 


fR1 


fR2 


U.S.A. 


46/49 MHz (10. 15, 25 Channels) 


5.0 kHz 


— 


France 


26/41 MHz 


6.25 kHz/I 2.5 kHz 


- 


Spain 


31/41 MHz 


5.0 kHz 


- 


Australia 


30/39 MHz 


5.0 kHz 


- 


U.K. 


1.7/47 MHz 


6.25 kHz 


1.0 kHz 


New Zealand 


1.7/34/40 MHz 


6.25 kHz 


1.0 kHz 



REFERENCE FREQUENCY SELECTION 
AND PROGRAMMING 

Figure 16 shows the bit function of the reference frequency 
programming word. The user can either select the "fixed" 
reference frequency for all channels accordingly or provide 
a specific reference frequency for a particular channel by using 
two reference frequency counters (e.g., for an application in 
France, the base set transmit channel common fixed 
reference frequency is 6.25 kHz or 12.5 kHz). (See Table 3 
and Figure 6 for reference frequencies for various countries.) 
However, transmit channels 6, 8, and 1 4 can be set to 25 kHz, 
and channel 8 reference frequency can be set to 50 kHz. But 
this reference frequency may not be applied to the receiving 
side; therefore, the receiving side reference frequency must 
be generated by another reference frequency counter. The 
higher the reference frequency, the better the phase noise 
performance and faster the lock time, but the PLL consumes 
more current If both reference frequency counters are In 
operation. 



In general, the 12-bit reference frequency counter plus the 
+ 4 and -j- 25 module can offer all the reference frequencies 
for global CT-1 transmit and receive channel requirements. 
Users can select their own reference frequency by introducing 
the additional 14-bit auxiliary reference frequency counter. 

Again, the 14-bit auxiliary reference frequency counter can 
be shut down by the auxiliary reference enable bit in the 
reference counter programming word by setting the bit to 0. 
At this state, the f p2 is automatically connected to point (the 
+ 25 block output), and fpi can be connected to point A or 
BbysettlngthefRi-S1 andfRi-S2 bits in the reference counter 
program word. The 14-blt auxiliary reference frequency 
counter data will be in "Don't Care" state. 

If the 1 4-bit auxiliary reference frequency counter is enabled 
(auxiliary reference enable = 1), then fR2 is automatically 
connected to point D (14-bit counter output), and fRi can be 
selected to connect to point A, B, or C, depending on the bit 
setting of fRi-S1 and fRi-S2. 

Table 4 and Figure 1 6 describe the functions of the auxiliary 
reference enable bit and the fRi -SI and fRi -S2 bits selection. 
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r 

□ 



OSCln 



t> 



OSCout ■ 



MAXIMUM 

CRYSTAL FREQUENCY 

16.0 MHz 



12-BIT PROGRAMMABLE 
REFERENCE COUNTER 



14-BIT PROGRAMMABLE 

AUXILIARY REFERENCE 

COUNTER 




- TxPDout 



- RxPDout 



SELECT 



REF FREQUENCY COUNTER IDENTIFIER = 




REFERENCE 

FREQUENCY 

SELECT 



T 



REF V Tx-0 Y Rx-0 

enableAselect^select^ 



REFERENCE 

FREQUENCY 

COUNTER 




AUXILIARY REFERENCE 

FREQUENCY COUNTER 

A 



14-BITSAUXREFFREQ 
DATA 



CLK 



ENB 



Note: ENB must be high during the serial transfer. 

Figure 16. Reference Frequency Counter/Selection Programming l\/lode 



Table 4. Bit Function and the Reference Frequency Selection Bit Setting of the 
Reference Frequency Counter Programming Word 



AUX REF 
Enable 


Auxiliary Reference Frequency 
Counter Mode 


Module 
Select 


fR1 
81 


fR1 
82 


fR1 Routing 





14-Blt Auxiliary Reference Frequency 
Counter Disable 


fR2->C 





1 
1 



1 

1 


N/A 

fR1->A 

fRI^B 
N/A 


1 


14-Bit Auxiliary Reference Frequency 
Counter Enable 


fR2->D 





1 
1 




1 



1 


N/A 

fR1->A 
fR1-^B 
fR1^C 



N/A = Not Applicable 
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POWER SAVING OPERATION 

This PLL has a programmable power-saving scheme. 
The transmit and receive counters and the reference 
frequency counter can be powered down individually by 
setting the TxPD enable, RxPD enable, and Ref PD 
enable bits of the control register. The functions of the 
power down control bits are explained in Table 2 and the 
programming format is in Figure 8. 



The output pins TxPS/fjx and RxPS/fRx output the 
status of the internal power saving setting. If the bit TxPD 
enable is set "high" (transmit counter is set to power-down 
mode), then the TxPS/fjx P'" will also output a "high" 
state. This TxPS/fjx output can control an external power 
switch to switch off the transmitter, as shown in Figure 
17. This scheme can be applied to the RxPS/fRx output 
to control the receiver power saving operation as 
required. 



POWER SUPPLY 



universal dual pll 
Vdd 



Tx POWER-DOWN 
ENABLE FLAG 




Rx POWER-DOWN 
ENABLE FLAG 



Figure 17. TxPS/frx and RxPS/fpx Outputs to Control Power Switches 
of the Transmitter and the Receiver 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



TX/RX CHANNEL COUNTER TEST 

In normal applications, the TxPS/fjxandthe RxPS/fRxOut- 
put pins indicate the power saving mode status. However, the 
user can examine the Tx and Rx channel counter outputs by 
setting the Test bit in the control register to 1 . The final value 



of the transmit-channel counter and the receive-channel 
countermultiplexouttoTxPS/fTxandRxPS/fRx respectively. 
The user can verify the divided-down output waveform asso- 
ciated with the RF input level in the PLL circuitry 
implementation (Figure 1 8). 




HI- fln-T. 




TxPS/fTxj 






16-BIT Tx PROGRAMMABLE 
CHANNELS COUNTER 



n 



TxPS 



IF TEST BIT IS SET T0 1, THE fTx 

AND fRx ARE MUXED OUT AT PINS CONTROL REGISTER IDENTIFIER = 1 

TxPS/fTxANDRxPS/fRx, \ 

RESPECTIVELY, FOR Rx^-x \_ / 

CHANNEL COUNTER TEST. ' ^ *" 



CONTROL REGISTER 



TxPD Y RxPD Y REF PD ^ 
ENABLE A ENABLE A ENABLE i 




Figure 18. RF Buffer Sensitivity 
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Table 5. France CT-1 Base Set Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq.= 

6.25 kHz) 


fin-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


1 


26.4875 


4238 


30.7875 


4926 


2 


26.4750 


4236 


30.7750 


4924 


3 


26.4625 


4234 


30.7625 


4922 


4 


26.4500 


4232 


30.7500 


4920 


5 


26.4375 


4230 


30.7375 


4918 


6 


26.4250 


4228 


30.7250 


4916 


7 


26.4125 


4226 


30.7125 


4914 


8 


26.4000 


4224 


30.7000 


4912 


9 


26.3875 


4222 


30.6875 


4910 


10 


26.3750 


4220 


30.6750 


4908 


11 


26.3625 


4218 


30.6625 


4906 


12 


26.3500 


4216 


30.6500 


4904 


13 


26.3375 


4214 


30.6375 


4902 


14 


26.3250 


4212 


30.6250 


4900 


15 


26.3125 


4210 


30.6125 


4898 



Table 6. France CT-1 Handset Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


fin-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


1 


41 .4875 


6638 


37.1875 


5950 


2 


41.4750 


6636 


37.1750 


5948 


3 


41.4625 


6634 


37.1625 


5946 


4 


41.4500 


6632 


37.1500 


5944 


5 


41.4375 


6630 


37.1375 


5942 


6 


41.4250 


6628 


37.1250 


5940 


7 


41.4125 


6626 


37.1125 


5938 


8 


41.4000 


6624 


37.1000 


5936 


9 


41.3875 


6622 


37.0875 


5934 


10 


41.3750 


6620 


37.0750 


5932 


11 


41.3625 


6618 


37.0625 


5930 


12 


41.3500 


6616 


37.0500 


5928 


13 


41.3375 


6614 


37.0375 


5926 


14 


41.3250 


6612 


37.0250 


5924 


15 


41.3125 


6610 


37.0125 


5922 



MC145162 
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Table 7. Spain CT-1 Base Set Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ret. Freq. = 

5.00 kHz) 


fin-R Input 

Frequency (MHz) 

[1st IF=1 0.695 MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


31.0250 


6205 


29.2300 


5846 


2 


31.0500 


6210 


29.2550 


5851 


3 


31.0750 


6215 


29.2800 


5856 


4 


31.1000 


6220 


29.3050 


5861 


5 


31.1250 


6225 


29.3300 


5866 


6 


31.1500 


6230 


29.3550 


5871 


7 


31.1750 


6235 


29.3800 


5876 


8 


31.2000 


6240 


29.4050 


5881 


9 


31.2500 


6250 


29.4550 


5891 


10 


31.2750 


6255 


29.4800 


5896 


11 


31.3000 


6260 


29.5050 


5901 


12 


31.3250 


6265 


29.5300 


5906 



Table 8. Spain CT-1 Handset Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


fin-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


39.9250 


7985 


20.3300 


4066 


2 


39.9500 


7990 


20.3550 


4071 


3 


39.9750 


7995 


20.3800 


4076 


4 


40.0000 


8000 


20.4050 


4081 


5 


40.0250 


8005 


20.4300 


4086 


6 


40.0500 


8010 


20.4550 


4091 


7 


40.0750 


8015 


20.4800 


4096 


8 


40.1000 


8020 


20.5050 


4101 


9 


40.1500 


8030 


20.5550 


4111 


10 


40.1750 


8035 


20.5800 


4116 


11 


40.2000 


8040 


20.6050 


4121 


12 


40.2250 


8045 


20.6300 


4126 



Table 9. New Zealand CT-1 Base Set Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 


fin-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


1 


1.7820 


1782^ 




29.7625 


4762 


2 


1.7620 


1762 




29.7500 


4760 


3 


1.7420 


1742 


<" Ref Freq 


29.7375 


4758 


4 


1.7220 


1722 =1.0 kHz 


29.7250 


4756 


5 


1.7020 


1702^ 


29.7125 


4754 


6 


34.3500 


5496 "> 




29.7000 


4752 


7 


34.3625 


5498 




29.6875 


4750 


8 


34.3750 


5500 


^ Ref Freq 


29.6750 


4748 


9 


34.3875 


ccfvp = 6.25 kHz 


29.6625 


4746 


10 


34.4000 


5504^ 


29.6500 


4744 
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Table 10. New Zealand CT-1 Handset Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


f jn-R Input 
Frequency (MHz) 


Rx Counter Value 


1 


40.4625 


6474 


2.2370 "^ 




2237 "^ 


2 


40.4500 


6472 


2.2170 




2217 


3 


40.4375 


6470 


2.1970 


y Ref Freq 


2197 > Ref Freq 


4 


40.4250 


6468 


2.1770 


= 455 kHz 


2177 =1-0 kHz 


5 


40.4125 


6466 


2.1570 -J 




2157->' 


6 


40.4000 


6464 


23.6500"^ 




3784"^ 




7 


40.3875 


6462 


23.6625 




3786 




8 


40.3750 


6460 


23.6750 


r Ref Freq 


3788 y Ref Freq 


9 


40.3625 


6458 


23.6875 


= 10.7 kHz 


3790 =6.25 kHz 


10 


40.3500 


6456 


23.700Q-J 




3792 .^^ 





Table 11. Australia CT-1 Base Set Frequency 




Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


fin-R Input 

Frequency (MHz) 

[1st IF=1 0.695 MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


30.0750 


6015 


29.0800 


5816 


2 


30.1250 


6025 


29.1300 


5826 


3 


30.1750 


6035 


29.1800 


5836 


4 


30.2250 


6045 


29.2300 


5846 


5 


30.2750 


6055 


29.2800 


5856 


6 


30.1000 


6020 


29.1050 


5821 


7 


30.1500 


6030 


29.1550 


5831 


8 


30.2000 


6040 


29.2050 


5841 


9 


30.2500 


6050 


29.2550 


5851 


10 


30.3000 


6060 


29.3050 


5861 



Table 12. Australia CT-1 Handset Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


f jn-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


39.7750 


7955 


19.3800 


3876 


2 


39.8250 


7965 


19.4300 


3886 


3 


39.8750 


7975 


19.4800 


3896 


4 


39.9250 


7985 


19.5300 


3906 


5 


39.9750 


7995 


19.5800 


3916 


6 


39.8000 


7960 


19.4050 


3881 


7 


39.8500 


7970 


19.4550 


3891 


8 


39.9000 


7980 


19.5050 


3901 


9 


39.9500 


7990 


19.5550 


3911 


10 


40.0000 


8000 


19.6050 


3921 



MC145162 
2-602 
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Table 13. U.K. CT-1 Base Set Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

1.00 kHz) 


f|n-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


1 


1.6420 


1642 


36.75625 


5881 


2 


1.6620 


1662 


36.76875 


5883 


3 


1.6820 


1682 


36.78125 


5885 


4 


1.7020 


1702 


36.79375 


5887 


5 


1.7220 


1722 


36.80625 


5889 


6 


1.7420 


1742 


36.81875 


5891 


7 


1.7620 


1762 


36.83125 


5893 


8 


1.7820 


1782 


36.84375 


5895 



Table 14. U.K. CT-1 Handset Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

6.25 kHz) 


fin-R Input 
Frequency (MHz) 
[1stlF=455kHz] 


Rx Counter Value 

(Ref. Freq. = 

1.00 kHz) 


1 


47.45625 


7593 


2.097 


2097 


2 


47.46875 


7595 


2.117 


2117 


3 


47.48125 


7597 


2.137 


2137 


4 


47.49375 


7599 


2.157 


2157 


5 


47.50625 


7601 


2.177 


2177 


6 


47.51875 


7603 


2.197 


2197 


7 


47.53125 


7605 


2.217 


2217 


8 


47.54375 


7607 


2.237 


2237 
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Table 15. U.S.A. CT-1 Base Set Frequency 




Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


fin-R Input 

Frequency (MHz) 

[1stlF=10.695MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


46.610 


9322 


38.975 


7795 


2 


46.630 


9326 


38.150 


7830 


3 


46.670 


9334 


38.165 


7833 


4 


46.710 


9342 


39.075 


7815 


5 


46.730 


9346 


39.180 


7836 


6 


46.770 


9354 


39.135 


7827 


7 


46.830 


9366 


39.195 


7839 


8 


46.870 


9374 


39.235 


7847 


9 


46.930 


9386 


39.295 


7859 


10 


46.970 


9394 


39.275 


7855 





Table 16. U.S.A. CT-1 Handset Frequency 




Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


fin-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


49.670 


9934 


35.915 


7183 


2 


49.845 


9969 


35.935 


7187 


3 


49.860 


9972 


35.975 


7195 


4 


49.770 


9954 


36.015 


7203 


5 


49.875 


9975 


36.035 


7207 


6 


49.830 


9966 


36.075 


7215 


7 


49.890 


9978 


36.135 


7227 


8 


49.930 


9986 


36.175 


7235 


9 


49.990 


9998 


36.235 


7247 


10 


49.970 


9994 


36.275 


7255 
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Table 17. Korea CT-1 Base Set Frequency 



Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ret. Freq. = 

5.00 kHz) 


fin-R Input 

Frequency (MHz) 

[1stlF=10.695MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


46.610 


9322 


38.975 


7795 


2 


46.630 


9326 


38.150 


7830 


3 


46.670 


9334 


38.165 


7833 


4 


46.710 


9342 


39.075 


7815 


5 


46.730 


9346 


39.180 


7836 


6 


46.770 


9354 


39.135 


7827 


7 


46.830 


9366 


39.195 


7839 


8 


46.870 


9374 


39.235 


7847 


9 


46.930 


9386 


39.295 


7859 


10 


46.970 


9394 


39.275 


7855 


11 


46.510 


9302 


39.000 


7800 


12 


46.530 


9306 


39.015 


7803 


13 


46.550 


9310 


39.030 


7806 


14 


46.570 


9314 


39.045 


7809 


15 


46.590 


9318 


39.060 


7812 





Table 18. Korea CT-1 Handset Frequency 




Channel 
Number 


Tx Channel 

Frequency 

(MHz) 


Tx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


fjn-R Input 
Frequency (MHz) 
[1stlF=10.7MHz] 


Rx Counter Value 

(Ref. Freq. = 

5.00 kHz) 


1 


49.670 


9934 


35.915 


7183 


2 


49.845 


9969 


35.935 


7187 


3 


49.860 


9972 


35.975 


7195 


4 


49.770 


9954 


36.015 


7203 


5 


49.875 


9975 


36.035 


7207 


6 


49.830 


9966 


36.075 


7215 


7 


49.890 


9978 


36.135 


7227 


8 


49.930 


9986 


36.175 


7235 


9 


49.990 


9998 


36.235 


7247 


10 


49.970 


9994 


36.275 


7255 


11 


49.695 


9939 


35.815 


7163 


12 


49.710 


9942 


35.835 


7167 


13 


49.725 


9945 


35.855 


7171 


14 


49.740 


9948 


35.875 


7175 


15 


49.755 


9951 


35.895 


7179 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

Dual PLLs for 46/49 MHz 

Cordless Telephones 

CMOS 

These devices are dual phase-locked loop frequency synthesizers Intended 
for use primarily in 46/49 MHz cordless phones with up to 15 channels. These 
parts contain two mask-programmable counter ROMs for receive and transmit 
loops with two independent phase detect circuits. A common reference oscillator 
and reference divider are shared by the receive and transmit circuits. 

Other features include a lock detect circuit for the transmit loop, Illegal code 
default, a buffered oscillator output for mixing purposes In the system, and a 
5.0-kHz tone output. 

• Maximum Operating Frequency: 60 MHz @ Vjn=200 mVp-p 

• Operating Temperature Range: -40 to +75°C 

• Operating Voltage Range: 2.5 to 5.5 V 

• On-Chip Oscillator Circuit Supports External Crystal 

• Operating Power Consumption: 3.0 mA @ 3.0 V 

• Lock Detect Signal 

• Standby Mode for Power Savings: 1 .5 mA @ 3.0 V 

• Two Versions: 

MC145168 — Up to 15-Channel ROM with 4-Bit Binary Code Input for 

Channel Pair Selection 
MC145169 — Up to 15-Channel ROM with Serial Interface for Channel 
Pair Selection 
o Custom 20-Channel ROM Versions of the MCI 451 69 are Possible; Consult 
Factory 



MCI 451 68 
MCI 451 69 



«^-* 


S P SUFFIX 


uS^^^fnuy 


PLASTIC DIP 


ll Tptf V\t II 11 1 


CASE 648 


1 




^K 


DW SUFFIX 


le'^H^feP^' 


SOG 


1 


CASE 751 G 


ORDERING INFORMATION 


MC145168P 


Plastic DIP 


MC145168DW 


SOG Package 


MC145169P 


Plastic DIP 


MC145169DW 


SOG Package 



MC145168 



MC145169 



oscout : 


1 • 


16 


] OSCin 


MODEd 


2 


15 


: Vdd 


sbE 


3 


14 


: fini 


5kE 


4 


13 


2 PD1 


do: 


5 


12 


H Vss 


Di: 


6 


11 


H PD2 


D2C 


7 


10 


:ld 


D3: 


8 


9 


J fin2 



OSCout E 


1 • 


16 


] CSC 


MODElI 


2 


15 


Dvdd 


sbE 


3 


14 


Dfini 


5k: 


4 


13 


H PD1 


DATA : 


5 


12 


]Vss 


CLK : 


6 


11 


2 PD2 


Nc : 


7 


10 


:ld 


ENB : 


8 


9 


Ilfin2 



NC = NO CONNECTION 



This document contains Information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



BLOCK DIAGRAM 



^inr 



-AAA/ 1 



\> 



14-BIT DIVIDE-BY-N 
RECEIVE COUNTER 



SB-^ 



04 



RECEIVE 
ROM 



TRANSMIT 
ROM 



^in2 ■ 



O 



M4 



14-BIT DIVIDE-BY-N 
TRANSMIT COUNTER 



OSCin- 



O- 



OSCout " 



REFERENCE 

COUNTER 11 BITS 

DIVIDE-BY.2048 



5k- 



< 



5 kHz 



PIN12 = Vss 
PIN15 = Vdd 



PHASE 
DET1 



LOCK 
DET 



PHASE 
DET 2 



DECODE 
LOGIC 



-^ PD1 



Vdd 



ij 



-^ LD 



MODE 



DO 
D1 
D2 
D3 



MC145168 
(FOR MAXIMUM 
UP TO 15 
CHANNELS) 



5-BIT UTCH 



ENB 



^5 



5-BIT S/R 



CLK 
DATA 



MC145169 
(FOR MAXIMUM 
UP TO 20 ^^ 
CHANNELS ) 



On chip pull-down. 

*The standard MC145169 is 15 channels; see Tables 1 and 2. Custom versions up to 20 channels are possible. 
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MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Rating 


Value 


Unit 


vdd 


DC Supply Voltage 


-0.5 to +6.0 


V 


Vin 


Input Voltage, All Inputs 


-0.5 to Vdd +0.5 


V 


■in. 'out 


DC Current Drain Per Pin 


10 


mA 


idd. 'ss 


DC Current Drain Vqd or Vss P'l^s 


30 


mA 


Tstg 


Storage Temperature Range 


-65 to +150 


°C 



' Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tallies or Pin Descrip- 
tions section. 



This device contains protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this 
high-impedance circuit. For proper op- 
eration, Vjn and Vout should be con- 
strained to the range Vss^(Vjn or 
Vout) ^ Vdd- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
either Vss or Vdd)- Unused outputs 
must be left open. 



ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss, Ta = 25°C) 



Symbol 


Characteristic 


Vdd 


Guaranteed Limit 


Unit 


IVIin 


Max 


Vdd 


Power Supply Voltage Range 


— 


2.5 


5.5 


V 


Vol 


Output Voltage Level 
(lout = 0) 

(Vin = Vdd or 0) H-evel 


2.5 
5.5 


— 


0.05 
0.05 


V 


VOH 


2.5 
5.5 


2.45 
5.45 


_ 


V|L 


Input Voltage Level 
(Vout = 0.5 V or Vdd -0.5 V) 

1 Level 


2.5 
5.5 


— 


0.75 
1.65 


V 


VjH 


2.5 
5.5 


1.75 
3.85 


— 


'oh 


Output Current (Vout = 2.2 V) Source 
(Vout = 5.0 V) 

(Vout = 0.3 V) Sink 
(Vout = 0.5 V) 


2.5 
5.5 


-0.18 
-0.55 


_ 


mA 


•OL 


2.5 
5.5 


0.18 
0.55 


— 


l|L 


Input Current OSCjn, finl,fin2 
(Vin = 0) 

DATA, SB, Mode 
(Vin = Vdd -0.5) 0SCin,fin1.fin2 

DATA, SB, Mode 


2.5 
5.5 


_ 


-30 
-66 


^A 


2.5 
5.5 


— 


-0.05 
-0.11 


l|H 


2.5 
5.5 


— 


30 
66 


ha 


2.5 
5.5 


— 


50 
121 


Cm 


Input Capacitance 


— 


— 


8.0 


PF 


Gout 


Output Capacitance 


— 


— 


8.0 


PF 


Idd 


Standby Current, SB = Vss or Open 


2.5 
5.5 


— 


1.4 
3.6 


mA 


Idd 


Operating Current 
(200 mVp-p input at fjni , fin2. SB = Vdd) 


2.5 
5.5 


— 


2.8 
6.2 


mA 


loz 


Three-State Leakage Current 
(Vout = 0Vor5.5V) 


5.5 


— 


±1.0 


ha 
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SWITCHING CHARACTERISTICS (Ta=25°C, CL=50pF) 



Symbol 


Characteristic 


Figure # 


Vqd 


Guaranteed Limit 


Unit 


Min 


Max 


tTLH 


Output Rise Time 


1,5 


3.0 
5.0 





200 
100 


ns 


tJHL 


Output Fail Time 


1.5 


3.0 
5.0 


_ 


200 
100 


ns 


tr.tf 


Input Rise and Fall Time, OSCjn 


2 


3.0 
5.0 


— 


5.0 
4.0 


^s 


^max 


Input Frequency OSCjn 
lnput=Sine Wave 200 mVp-p fjni 

^in2 




3.0-5.0 
3.0-5.0 
3.0-5.0 


— 


12 
60 
60 


MHz 


tsu 


Setup Time (MC1 451 69) DATA to CLK 

ENB to CLK 


3 


3.0 
5.0 


100 
50 


— 


ns 


3 


3.0 
5.0 


200 
100 


— 


th 


Hold Time (MC1 451 69), CLK to DATA 


3 


3.0 
5.0 


80 
40 


— 


ns 


tree 


Recovery Time (MCI 451 69), ENB to CLK 


3 


3.0 
5.0 


80 
40 


— 


ns 


tw 


Input Pulse Width (MCI 451 69), CLK and ENB 


4 


3.0 
5.0 


80 
60 


— 


ns 



SWITCHING WAVEFORMS 



tTLH- 



ANY 
OUTPUT - 



A 



90% 
10% 



tTHL -*- 



^. 



Figure 1. 



tr-*- 



90% 
OSCjn.fin -J^10% 



r 



Figure 2. 



^. 



DATA 



CLK 



ENB 



<Z) — CZ> — CD — CZ>V< 



50% 



/first\ 
CLK V 



Figure 3. 




LAST 
CLK 
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CLK 



^ Vec ^ 

PREVIOUS y 



DATA LATCHED 



ENB, 
CLK 



/ 



50% 



^v 



Figure 4. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC145168.MC145169 
2-609 



PIN DESCRIPTIONS 



INPUTS 



OSCjn/OSCout 

Reference Oscillator Input/Output (Pins 16, 1) 

These pins form a reference oscillator when connected to 
an external parallel-resonant crystal. For a 46/49 MHz 
cordless phone application, a 10.24 MHz crystal is needed. 
OSCjn may also serve as input for an externally generated 
reference signal. This signal is typically ac coupled to OSCjn, 
but for larger amplitude signals (standard CMOS logic levels) 
dc coupling may also be used. In the external reference 
mode, no connection is required for OSCout- 

MODE 

Mode Select (Pin 2) 

Mode Is for determining whether the part is to be used in the 
base or handset of a cordless phone. Internally, this pin is 
used in the decoding logic for selecting the ROM address. 
When high, the device Is set in the base mode, and when low, 
it is set in the handset mode. This Input has an internal 
pull-down device. 

SB 

Standby (Pin 3) 

The standby pin is used to save power when not 
transmitting. When high, both the transmit and receive loops 
are in operation. When low, the transmit loop is disabled, 
thereby reducing power consumption. This input has an 
internal pull-down device. 

D0-D3(MC145168ONLY) 
Data Inputs (Pins 5, 6, 7, 8) 

These inputs provide the 4-bit binary code for selecting the 
one of 15 channels for the transmit and receive loops. When 
address data other than 1-15 are input, the decoding logic 
defaults to channel 1. The frequency assignments, with 
reference to Mode and D0-D3, are shown in Tables 1 and 2. 
These Inputs have internal pull-down devices. 

f|n1.fin2 

Frequency Inputs (Pins 14, 9) 

fjni andfin2areinputstothedivide-by-N receive and transmit 
counters, respectively. These signals are typically derived 
from the loop VCO and are ac coupled. The minimum input 
level is 200 mVp-p. For larger amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 



DATA, CLK (MC145169 ONLY) 
Data, Clock (Pins 5, 6) 

These pins provide the binary input by using serial channel 
programming. A logic high represents a 1. Each low-to-high 
transition of the clock shifts one bit of data into the on-chip shift 
register. Data is entered MSB first (see Figure 3). 

ENB(MC145169 0NLY) 
Enable (Pin 8) 

The enable pin controls the data transfer from the shift 
register to the latch. A positive pulse transfers the data. This 
pin should normally be held low to avoid loading erroneous 
data into the latch. 
OUTPUTS 

5k 

5-kHz Tone Signal (Pin 4) 

This is a 5 kHz tone signal derived from the reference 
oscillator. This pin is a push-pull output. 

LD 

Lock Detect Signal (Pin 10) 

The lock detect signal is associated with the transmit loop. 
The lock output goes high to indicate an out-of-lock condition. 
This is a P-channel open-drain output. 

PD1/PD2 

Transmit/Receive Phase Detector Outputs (Pins 13, 11) 

These are three-state outputs of the transmit and receive 
phase detectors for use as loop error signals. 
Frequency fv > fr or fv leading: Negative pulses 
Frequency fv < f r or fv lagging: Positive pulses 
Frequency fv = fr and phase coincidence: High-impedance 

state 
NOTE: fv is the output of the N counter, f r is the output of the 
reference counter. 
POWER SUPPLY 

VDD(Pin15) 

This pin is the positive supply potential and may range from 
+ 2.5 to +5.5 V with respect to Vss- 

Vss (Pin 12) 

This pin is the negative supply potential and is usually 
ground. 
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Table 1. Handset Frequencies of Each Corresponding Channel in a 46/49 MHz 
Cordless Phone for the Korean Market 



Channels 


RX Freq. 
(MHz) 


Receive (Note 3) 


TX Freq. 
(MHz) 


Transmit 


Mode 


D3 D2 D1 DO 


CH# 


f|n1 (MHz) 


+N 


f|n2(MHz) 


+N 


1 


1 


46.610 


35.915 


7183 


49.670 


49.670 


9934 





10 


2 


46.630 


35.935 


7187 


49.845 


49.845 


9969 





11 


3 


46.670 


35.975 


7195 


49.860 


49.860 


9972 





10 


4 


46.710 


36.015 


7203 


49.770 


49.770 


9954 





10 1 


5 


46.730 


36.035 


7207 


49.875 


49.875 


9975 





110 


6 


46.770 


36.075 


7215 


49.830 


49.830 


9966 





111 


7 


46.830 


36.135 


7227 


49.890 


49.890 


9978 





10 


8 


46.870 


36.175 


7235 


49.930 


49.930 


9986 





10 1 


9 


46.930 


36.235 


7247 


49.990 


49.990 


9998 





10 10 


10 


46.970 


36.275 


7255 


49.970 


49.970 


9994 





10 11 


11 


46.510 


35.815 


7163 


49.695 


49.695 


9939 





110 


12 


46.530 


35.835 


7167 


49.710 


49.710 


9942 





110 1 


13 


46.550 


35.855 


7171 


49.725 


49.725 


9945 





1110 


14 


46.570 


35.875 


7175 


49.740 


49.740 


9948 





1111 


15 


46.590 


35.895 


7179 


49.755 


49.755 


9951 






NOTES: 

1. 0= logic low, 1 = logic high. 

2. Power-up and illegal inputs are defaulted to channel 1 in the MCI 451 69. Illegal inputs are defaulted to channel 1 in MCI 451 68. 

3. First IF frequency of receive is 10.695 MHz; Second IF is 455 kHz. 

fin 

4. +N= -T — where fjn is the VCD frequency and fpef is the reference frequency (5.0 kHz). 

'ref 

Table 2. Base Frequencies of Each Corresponding Channel in a 46/49 MHz 
Cordless Phone for the Korean Market 



Channels 


RX Freq. 
(MHz) 


Receive (Note 3) 


TXFreq. 
(MHz) 


Transmit 


Mode 


D3 


D2 D1 DO 


CH# 


fini (MHz) 


+N 


f|n2(MHz) 


-^N 





1 


1 


49.670 


38.975 


7795 


46.610 


46.610 


9322 







1 


2 


49.845 


39.150 


7830 


46.630 


46.630 


9326 







1 1 


3 


49.860 


39.165 


7833 


46.670 


46.670 


9334 







1 


4 


49.770 


39.075 


7815 


46.710 


46.710 


9342 







1 1 


5 


49.875 


39.180 


7836 


46.730 


46.730 


9346 







1 1 


6 


49.830 


39.135 


7827 


46.770 


46.770 


9354 







1 1 1 


7 


49.890 


39.195 


7839 


46.830 


46.830 


9366 




10 


8 


49.930 


39.235 


7847 


46.870 


46.870 


9374 




10 1 


9 


49.990 


39.295 


7859 


46.930 


46.930 


9386 




10 10 


10 


49.970 


39.275 


7855 


46.970 


46.970 


9394 




10 11 


11 


49.695 


39.000 


7800 


46.510 


46.510 


9302 




110 


12 


49.710 


39.015 


7803 


46.530 


46.530 


9306 




110 1 


13 


49.725 


39.030 


7806 


46.550 


46.550 


9310 




1110 


14 


49.740 


39.045 


7809 


46.570 


46.570 


9314 




1111 


15 


49.755 


39.060 


7812 


46.590 


46.590 


9318 





NOTES: 
1.0= logic low, 1 = logic high. 

2. Power-up and illegal inputs are defaulted to channel 1 in the MCI 451 69. Illegal inputs are defaulted to channel 1 in MCI 451 68. 

3. First IF frequency of receive is 10.695 MHz; Second IF is 455 kHz. 

^in 

4. +N = - — where fjn is the VCO frequency and fref is the reference frequency (5.0 kHz). 

'ref 
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Vcc(3.6V) 




MPS9426C 



MPS9426C 



1N5462A 



Figure 5. MCI 451 68 Circuit Example 
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§ 

o 

r- 
> 
O 

o 



c 
z 
o 

o 

z 

05 
D 

m 
< 

o 
m 

D 

I 



O 

CI 



O 



p) 

O 
■o 

l- 
r- 

> 

T3 



(O 

T 

N 

o 

O 

5. 



U1 

6 



2. 

03 



V 



FILTER 



46.510 MHz 



FILTER 



49.695 MHz 



e 



39 MHz 




1ST \ia695MHz/ 2ND \ 0.455 MHz 
MIX I *i MIX 



10.24 MHz 





fin-R 



OSCout 



MC145168 



I I 10.24 MHz 



OSCir 



46.510 MHz " " ^'""^ 

-^ BUF )— • o- 




—f RF \i5 /^ VCO W-|H pSAAr-<^[< Q 




DIALING 



AMP 



PROG. A 
PRESCALER 



xosc 



5 kHz 



5 kHz 



11 BITS , 



REF 
COUNTER 



^MP 



PROG. B 
PRESCALER 



PHASE 

DET 

A 



5 kHz 



PHASE 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

PLL Frequency Synthesizer 

with Serial interface 

CMOS 

The MCI 451 70 is a single-chip synthesizer capable of direct usage in the MP, 
HP, and VHP bands. A special architecture makes this PLL the easiest to program 
in the industry. Either a bit- or byte-oriented format may be used. Due to the 
patented BitGrabber™ registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
2-byte serial transfer to the 1 6-bit N register. 

The device features fully programmable R and N counters, an amplifier at the 
fjn pin, on-chip support of an external crystal, a programmable reference output, 
and both single- and double-ended phase detectors with linear transfer functions. 
A new feature on the MCI 451 70 is the C register (configuration register). The 
C register allows the part to be configured to meet various applications. A 
patented feature allows the C register to shut off unused outputs, thereby 
minimizing noise and interference. 

In order to reduce lock times and prevent erroneous data from being loaded 
into the counters, a patented jam-load feature is included. Whenever a new divide 
ratio is loaded into the N register, both the N and R counters are jam loaded 
with their respective values and begin counting down together. The phase 
detectors are also initialized during the jam load. 

• Operating Voltage Range: 2.5 to 6.0 V 

• Maximum Operating Frequency: 

160 MHz @ Vjn = 500 mVp-p, 4.5-V Minimum Supply 
100 MHz @ Vjn = 500 mVp-p, 3.0-V Minimum Supply 

• Operating Temperature Range: - 40 to 85°C 

• R Counter Division Range: 5 to 32,767 Plus Direct Access to Phase Detector 

Input 

• N Counter Division Range: 40 to 65,535 

• Direct Interface to Motorola SPI and National MICROWIRE"^^ Serial Data 

Ports 

• 180 MHz Versions Available (Part Numbers MC145170P1 and MC145170D1), 

Consult Factory* 

• Chip Complexity: 4800 FETs or 1200 Equivalent Gates 

• See Application Note AN 1207 



l\/iC145170 





P SUFFIX 


16 11"'' 

1 


PLASTIC DIP 


CASE 648 


1 


D SUFFIX 

SOG 
CASE 751 B 


ORDERING INFORMATION 


MC145170P 


Plastic DIP 


MC145170D 


SOG Package 



PIN ASSIGNMENT 


OSCin [ 
OSCout [ 
REFout [ 


1 • 16 

2 15 

3 14 


] Vdd 
] 4)R 


fin [ 
Din [ 
ENB [ 


4 13 

5 12 

6 11 


1 PDout 
] Vss 
] LD 


CLK [ 
Dout [ 


7 10 

8 9 


]fR 









*The functional voltage range for the suffix-1 devices is 2.7 to 5.5 V. 180 MHz operation is with a 4.5 V minimum supply. 

BitGrabber is a trademark of Motorola, Inc. MICROWIRE is a trademark of National Semiconductor Corp. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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BLOCK DIAGRAM 



OSCin 
OSCout 

REFout 

CLK 

Din 

Dout 

ENB 



OSC 



15-STAGER COUNTER 



4-STAGE 

REFERENCE 

DIVIDER 



/ 



<y 



^ 



SHIFT 
REGISTER 

AND 
CONTROL 

LOGIC 



BitGrabberR REGISTER 
15 BITS 



BitGrabberC REGISTER 
8 BITS 



FOR 



BitGrabber N REGISTER 
16 BITS 




16-STAGEN COUNTER 



fR CONTROL 



— fR 



LOCK DETECTOR 
AND CONTROL 



PHASE/FREQUENCY 
DETECTOR A AND CONTROL 



PHASE/FREQUENCY 
DETECTOR B AND CONTROL 



LD 



PDout 



<1>R 
<t'V 



V CONTROL 



PIN16 = Vdd 
PIN12 = Vss 



MAXIMUM RATINGS* (Voltages Referenced to Vss) 



Symbol 


Parameter 


Value 


Unit 


Vdd 


DC Supply Voltage 


-0.5 to +6.0 


V 


Vin 


DC Input Voltage 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage 


-0.5 to Vdd +0.5 


V 


■in 


DC Input Current, per Pin 


+ 10 


mA 


lout 


DC Output Current, per Pin 


+20 


mA 


IDD 


DC Supply Current, Vqd and Vss Pins 


+30 


mA 


pd 


Power Dissipation, per Package 


300 


mW 


Tstg 


Storage Temperature 


-65 to +150 


°C 


tl 


Lead Temperature, 1 mm from Case 
for 10 seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Functional 
operation should be restricted to the limits in the Electrical Characteristics tables or Pin Descrip- 
tions section. 



This device contains protection cir- 
cuitry to guard against damage due to high 
static voltages or electric fields. However, 
precautions must be taken to avoid ap- 
plications of any voltage higher than maxi- 
mum rated voltages to this high-impedance 
circuit. For proper operation, Vjn and Vout 
should be constrained to the range Vss - 
(Vin or Vout) ^ Vdd- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either 
Vss oi" Vdd)- Unused outputs must be left 
open. 
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ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vss. Ta = -40 to +85°C) 



Symbol 


Parameter 


Test Condition 


VPD 
V 


Guaranteed 
Limit 


Unit 


Vdd 


Power Supply Voltage Range 




- 


2.5 to 6.0 


V 


V|L 


Maximum Low-Level Input Voltage 
(Djn, CLK, ENB) 




2.5 
4.5 
6.0 


0.50 
1.35 
1.80 


V 


V|H 


Minimum HIgh-Level Input Voltage 
(Djn, CLK, ENB) 




2.5 
4.5 
6.0 


2.00 
3.15 
4.20 


V 


VHys 


Minimum Hysteresis Voltage (CLK, ENB) 




2.5 
6.0 


0.15 
0.20 


V 


Vol 


Maximum Low-Level Output Voltage 
(Any Output) 


lout = 20jiA 


2.5 
6.0 


0.1 
0.1 


V 


VOH 


Minimum High-Level Output Voltage 
(Any Output) 


lout = -20 ^A 


2.5 
6.0 


2.4 
5.9 


V 


lOL 


Minimum Low-Level Output Current 
(PDout. REFout. fR. fv. LD, (t)R. <^y) 


Vout = 0.3V 
Vout = 0.4V 
Vout = 0.5V 


2.5 
4.5 
6.0 


0.12 
0.36 
0.50 


mA 


'OH 


Minimum High-Level Output Current 
(PDout. REFout. fR. V. LD, (1)r, ^y) 


Vout = 2.2V 
Vout = 4.1V 
Vout = 5.5V 


2.5 
4.5 
6.0 


-0.12 
-0.36 
-0.50 


mA 


lOL 


Minimum Low-Level Output Current 
(Dout) 


Vout = 0.4V 


4.5 


1.6 


mA 


'OH 


Minimum High-Level Output Current 
(Dout) 


Vout = 4.1V 


4.5 


-1.6 


mA 


lin 


Maximum Input Leakage Current 
(Din, CLK, ENB, OSCjn) 


Vin = VDDorVss 


6.0 


±1.0 


HA 


lin 


Maximum Input Current 
(fin) 


Vin = VDDorVss 


6.0 


±120 


HA 


lOZ 


Maximum Output Leakage Current (PDout) 
(Dout) 


Vin = VDDorVss. 

Output in High-Impedance State 


6.0 


±100 


nA 


6.0 


±5 


HA 


Idd 


Maximum Quiescent Supply Current 


Vln = Vdd or Vss; Outputs Open; 
Excluding fjn Amp Input Current Component 


6.0 


100 


^lA 


Idd 


Maximum Operating Supply Current 


fin = 160MHz@500mVp-p; 

OSCin = 10MHz@ 1 Vp-p; 

fR, fv, REFout = Inactive and No Connect; 

OSCout. <t>V. <1>R. PDout. LD = No Connect; 

Djn, ENB, CLK = Vdd or Vss 


5.0 


* 


mA 



" The nominal value is 7 mA. This is not a guaranteed limit. 
Current consumption is reduced at lower frequencies and/or lower supply voltages (i.e., at 100 MHz with a 3-V supply, the device draws 
about 2.5 mA). 
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AC INTERFACE CHARACTERISTICS ( Ta = - 40 to +85°C, Cl = 50 pF, Input tr = 


tf = 10 ns unless otherwise indicated) 




Symbol 


Parameter 


Figure* 


Vdd 

V 


Guaranteed 
Limit 


Unit 


folk 


Serial Data Clock Frequency (Note: Refer to Clock tw below) 


1 


2.5 
4.5 
6.0 


dc to TBD 
dc to 4.0 
dcto4.0 


MHz 


tPLH. tpHL 


Maximum Propagation Delay, CLK to Dout 


1.5 


2.5 
4.5 
6.0 


TBD 
85 
85 


ns 


tPLZ. tpHZ 


Maximum Disable Time, Dout Active to High Impedance 


2,6 


2.5 
4.5 
6.0 


TBD 
200 
200 


ns 


tpZL. tPZH 


Access Time, Dout High Impedance to Active 


2,6 


2.5 
4.5 
6.0 


TBD 
to 100 
to 100 


ns 


tJLH. tTHL 


Maximum Output Transition Time, Dout CL = 50pF 

CL = 200pF 


1,5 


2.5 
4.5 
6.0 


TBD 
50 
50 


ns 


1,5 


2.5 
4.5 
6.0 


TBD 
150 
150 


ns 


Cin 


Maximum Input Capacitance - Djn, ENB, CLK, 




- 


10 


pF 


Cout 


Maximum Output Capacitance - Dout 




- 


15 


pF 



TIMING REQUIREMENTS ( Ta = -40 to +85°C, Input tf = tf = 10 ns unless otherwise indicated) 



Symbol 


Parameter 


Figure # 


Vdd 

V 


Guaranteed 
Limit 


Unit 


tsu.th 


Minimum Setup and Hold Times, Djn vs CLK 


3 


2.5 
4.5 
6.0 


TBD 
40 
40 


ns 


tsu. th. tree 


Minimum Setup, Hold, and Recovery Times, ENB vs CLK 


4 


2.5 
4.5 
6.0 


TBD 
100 
100 


ns 


tw(H) 


Minimum Inactive-High Pulse Width, ENB 


4 


2.5 
4.5 
6.0 


TBD 
300 
300 


ns 


tw 


Minimum Pulse Width, CLK 


1 


2.5 
4.5 
6.0 


TBD 
125 
125 


ns 


tr.tf 


Maximum Input Rise and Fall Times, CLK 


1 


2.5 
4.5 
6.0 


100 
100 
100 


\iS 
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SWITCHING WAVEFORMS 
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10% ^= ^ ^ 
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Figurel. 
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Figure 2. 
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Figure 4. 
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*lncludes all probe and fixture capacitance. 
Figures. Test Circuit 
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^Includes all probe and fixture capacitance. 
Figures. Test Circuit 
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LOOP SPECIFICATIONS ( Ta = -40 to +85°C) 



Symbol 


Parameter 


Test Condition 


Fig# 


Vdd 

V 


Guaranteed Range 


Unit 


Min 


Max 


f 


Input Frequency, fjn 


Vjn > 500 mVp-p Sine Wave, 
N Counter set to divide ratio 
such that fv < 2 MHz 


7 


2.5 
3.0 
4.5 
6.0 


TBD 
TBD 
TBD 
TBD 


TBD 
100 
160 
160 


MHz 


f 


Input Frequency, OSCjn 
Externally Driven with ac-coupled 
signal 


Vjn > 1 Vp-p Sine Wave, 
OSCout = No Connect, 
R Counter set to divide ratio 
such that fR < 2 MHz 


8 


2.5 
3.0 
4.5 
6.0 


1 
1 
1 
1 


12 
14 
20 
20 


MHz 


fXTAL 


Crystal Frequency, OSCjn and 
OSCout 


C1<30pF 
C2 < 30 pF 
Includes Stray Capacitance 


9 


2.5 
3.0 
4.5 
6.0 


2 
2 
2 
2 


12 
12 
15 
15 


MHz 


fout 


Output Frequency, REFout 


CL = 30pF 


10,12 


2.5 
3.0 
4.5 
6.0 


dc 
dc 
dc 
dc 


TBD 

TBD 

10 

10 


MHz 


f 


Operating Frequency of the 
Phase Detectors 






2.5 
3.0 
4.5 
6.0 


dc 
dc 
dc 
dc 


TBD 
TBD 

2 

2 


MHz 


tw 


Output Pulse Width, (1)r, ^y, and LD 


fp in Phase with fy 
Cl = 50 pF 


11,12 


2.5 
3.0 
4.5 
6.0 


TBD 

TBD 

20 

16 


TBD 
TBD 
100 
90 


ns 


tTLH. 
tTHL 


Output Transition Times, 
(j)R, (l)v, LD, fR, and fv 


CL = 50pF 


11,12 


2.5 
3.0 
4.5 
6.0 


- 


TBD 
TBD 
65 
60 


ns 


Cin 


Input Capacitance fjn 
OSCin 




_ 


_ 


— 


5 
5 


pF 




TEST 
POINT 



SINE WAVE 
GENERATOR 



t 



0.01 ^iF 
10 mq" 



v+ 

J 



OSCin 

MC145170 

OSCout 

VSS VPD 



* Characteristic impedance 

Figure?. Test Circuit 



J^ 



TEST 
POINT 



X—i 
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Figure 9. Test Circuit 



Figure 10. Switching Waveform 
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^Includes all probe and 
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PIN DESCRIPTIONS 

DIGITAL INTERFACE PINS 

Din 

Serial Data Input (Pin 5) 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of CLK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the N register, or 3 bytes 
(24 bits) to access the R register. Optionally, the R register 
can be accessed with a 15-bit transfer (see Table 1). The 
values in the C, N, and R registers do not change during 
shifting beca use t he transfer of data to the registers Is 
controlled by ENB. 

The bit stream needs neither address nor steering bits due 
to the Innovative BItGrabber registers. Therefore, all bits In 
the stream are available to be data for the three registers. 
Random access of any register is provided (i.e., the registers 
may be accessed In any sequence). Data is retained in the 
registers over a supply range of 2.5 to 6.0 V. The formats are 
shown in Figures 13, 14, and 15. 

Djn typically switches near 50% of Vpo to maximize noise 
Immunity. This Input can be directly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rail. 
When Interfacing to NMOS or TTL devices, either a level 
shifter (MC74HC14A, MC14504B) or pull-up resistor of 1 to 
1 kQ must be used. Parameters to consider when sizing the 
resistor are worst-case Iql o^ the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1. Register Access 

(MSBs are shifted in first, CO, NO, and RO are the LSBs) 



Number 
of Clocks 


Accessed 
Register 


Bit 
Nomenclature 


8 

16 

15 or 24 

Other Values < 32 

Values > 32 


C Register 
N Register 
R Register 

None 

TBD 


C7. C6, C5 CO 

N15,N14, N13 NO 

R14, R13, R12 RO 



CLK 

Serial Data Clock Input (Pin 7) 

Low-to-high transitions on Clock shift bits available at Djn, 
while high-to-low transitions shift bits from Dout- The chip's 
16-1/2-stage shift register is static, allowing clock rates down 
to dc in a continuous or Intermittent mode. 

Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the N register. Either 1 5 
or 24 cycles can be used to access the R register (see Table 
1 and Figures 13, 14, and 15). 

CLK typically switches near 50% of Vqd and has a 
Schmltt-triggered input buffer. Slow CLK rise and fall times 
are allowed. See the last paragraph of Djn for more 
Information. 

CAUTION 

To guarantee proper operation of the power-on reset 
(FOR) circuit, the CLK pin must be held at the poten- 
tial of either the Vss or Vdd P'" during power up. 
Do not float or toggle the CLK input during power 
up. 

ENB 

Active Low Enable Input (Pin 6) 

This pin is used to activate the serial Interface to allow the 



transfer of data to/from the device. When ENB is in an inactive 
high state, shifting Is Inhibited, Dout 's forced to the 
high-impedance state, and the port i s hel d in the initialized 
state. To transfer data to the device, ENB (which must start 
Inactive high) is take n low, a serial transfer Is made via Djn 
and CLK, a nd EN B Is taken back high. The low-to-high 
transition on ENB transfers data to the C, N, or R register 
depending on the data stream length per Table 1 . 

CAUTION 

Transitions on ENB must not be attempted while CLK 
Is high. This puts the device out of synchronization 
with t he m icrocontroller. Resynchronizatlon occurs 
when ENB Is high and CLK is low. 

This Input is also Schmltt-triggered and switches near 50% 
of Vdd. thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Djn for more 
Information. 

Dout 

Three-State Serial Data Output (Pin 8) 

Data is transferred out of the 16-1/2 stage shift register 
through Dout on the high-to-low transition of CLK. This output 
is a No Connect, unless used In one of the manners discussed 
below. 

Dout could be fed back to an MCU/MPU to perform a 
wrap-around test of serial data. This could be part of a system 
check conducted at power up to test the integrity of the 
system's processor, PC board traces, solder joints, etc. 

The pin could be monitored at an In-line QA test during board 
manufacturing. 

Finally, Dout facilitates troubleshooting a system. 

REFERENCE PINS 

OSCin/OSCout 

Reference Oscillator Input/Output (Pins 1, 2) 

These pins form a reference oscillator when connected to 
terminals of an external parallel-resonant crystal. Frequency- 
setting capacitors of appropriate values as recommended by 
the crystal supplier are connected from each pin to ground 
(up to a maximum of 30 pF each, including stray capaci- 
tance). An external feedback resistor of 1 to 15 M^ is 
connected directly across the pins to ensure linear operation 
of the amplifier. The MCI 451 70 is designed to operate with 
crystals up to 1 5 MHz with a 4.5 to 6.0 V supply. With supplies 
less than 4.5 V, up to 12-MHz crystals may be used. (See 
Figure 9.) 

If desired, an external clock source can be ac coupled to 
OSCjn. A 0.01 -^iF coupling capacitor Is used for measurement 
purposes and is the minimum size recommended for 
applications. An external feedback resistor of approximately 
10 MQ Is required across the OSCjn and OSCout P'^s in the 
ac-coupled case (see Figure 8). OSCout is an internal node 
on the device and stiould not be used to drive any loads (i.e., 
OSCout 's unbuffered). However, the buffered REFout 's 
available to drive external loads. 

The external signal level must be at least 1 Vp-p; the 
maximum frequencies are given in the Loop Specifications 
table. These maximum frequencies apply for R Counter divide 
ratios as indicated in the table. For very small ratios, the 
maximum frequency Is limited to the divide ratio times 2 MHz 
when the internal phase/frequency detectors are used 
(Reason: the phase/frequency detectors are limited to a 
maximum Input frequency of 2 MHz). 
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If an external source is available which swings from at least 
the V|L to V|H levels listed In the Electrical Characteristics 
table, then dc coupling can be used. In the dc-coupled case, 
no external feedback resistor Is needed. OSCout must be a 
No Connect to avoid loading an internal node on the 
MC145170, as noted above. For frequencies below 1 MHz, 
dc coupling must be used. The R counter is a static counter 
and may be operated down to dc. However, wave shaping 
by a CMOS buffer may be required to ensure fast rise and 
fall times into the OSCjn pin. 

Each rising edge on the OSCjn pin causes the R counter 
to decrement by one. 

REFout 

Reference Frequency Output (Pin 3) 

This output is the buffered output of the crystal-generated 
reference frequency or externally provided reference source. 
This output may be enabled, disabled, or scaled via bits in 
the C register (see Figure 13). 

REFout can be used to drive a microprocessor clock input, 
thereby saving a crystal. Upon power up, the on-chip 
power-on-initialize circuit forces REFout to the OSCin 
divided-by-8 mode. 

REFout 's capable of operation to 10 MHz; see the Loop 
Specifications table. Therefore, divide values for the 
reference divider are restricted to two or higher for OSCjn 
frequencies above 10 MHz. 

If unused, the pin should be floated and should be disabled 
via the C register to minimize dynamic power consumption 
and electromagnetic interference (EMI). 

COUNTER OUTPUT PINS 

fR 

R Counter Output (Pin 9) 

This signal is the buffered output of the 1 5-stage R counter. 
fR can be enabled or disabled via the C register (patented). 
The output is disabled (static low logic level) upon power up. 
If unused, the output should be left disabled and unconnected 
to minimize interference with external circuitry. 

The fR signal can be used to verify the R counter's divide 
ratio. This ratio extends from 5 to 32,767 and is determined 
by the binary value loaded into the R register. Also, direct 
access to the phase detector via the OSCjn P'" 's allowed by 
choosing a divide value of 1 (see Figure 14). The maximum 
frequency which the phase detectors operate is 2 MHz. 
Therefore, the frequency of f r must not exceed 2 MHz unless 
an external phase detector is used. The maximum frequency 
for driving external phase detectors is TBD. 

When activated, the f r signal appears as normally low and 
pulses high. 

fv 

N Counter Output (Pin 10) 

This signal Is the buffered output of the 1 6-stage N counter, 
fv can be enabled or disabled via the C register (patented). 
The output is disabled (static low logic level) upon power up. 
If unused, the output should be left disabled and unconnected 
to minimize interference with external circuitry. 

The fv signal can be used to verify the N counter's divide 
ratio. This ratio extends from 40 to 65,535 and is determined 
by the binary value loaded into the N register. The maximum 
frequency which the phase detectors operate is 2 MHz. 
Therefore, the frequency of fv must not exceed 2 MHz unless 
an external phase detector is used. The maximum frequency 
for driving external phase detectors is TBD. 



When activated, the fv signal appears as normally low and 
pulses high. 

LOOP PINS 

fin 

Frequency input (Pin 4) 

This pin is a frequency Input from the VCO. This pin feeds 
the on-chip amplifier which drives the N counter. This signal 
is normally sourced from an external voltage-controlled 
oscillator (VCO), and Is ac-coupled into f jp. A 1 00-pF coupling 
capacitor is used for measurement purposes and is the 
minimum size recommended for applications (see Figure 7). 
The frequency capability of this input is dependent on the 
supply voltage as listed in the Loop Specifications table. For 
small divide ratios, the maximum frequency Is limited to the 
divide ratio times 2 MHz when the Internal phase/frequency 
detectors are used (Reason: the phase/frequency detectors 
are limited to a maximum frequency of 2 MHz). 

For signals which swing from at least the V|l to V|h levels 
listed in the Electrical Cliaracteristics table, dc coupling may 
be used. Also, for low frequency signals, dc coupling is a 
requirement. The N counter is a static counter and may be 
operated down to dc. However, wave shaping by a CMOS 
buffer may be required to ensure fast rise and fall times into 
the fjn pin. 

Each rising edge on the fjn pin causes the N counter to 
decrement by 1. 

PDout 

Single-Ended Phase/Frequency Detector Output 

(Pin 13) 

This is a three-state output for use as a loop error signal 
when combined with an external low-pass filter. Through use 
of a Motorola patented technique, the detector's dead zone 
has been eliminated. Therefore, the phase/frequency detector 
is characterized by a linear transfer function. The operation 
of the phase/frequency detector is described below and is 
shown in Figure 16. 
POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fv > fR or Phase of fv Leading f r: negative 
pulses from high impedance 

Frequency of fv < f R or Phase of fv Lagging f r: positive 
pulses from high Impedance 

Frequency and Phase of fv = f r: essentially high-imped- 
ance state; voltage at pin determined by loop filter 
POL bit (07) = high 
Frequency of fv > f R or Phase of fv Leading f r: positive 
pulses from high impedance 

Frequency of fv < f R or Phase of fv Lagging f r: negative 
pulses from high impedance 

Frequency and Phase of fv = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and Inverted via the 
C register. If desired, PDout can be forced to the high- 
impedance state by utilization of the disable feature in the C 
register (patented). 

(|>R and (t)v 

Double-Ended Phase/Frequency Detector Outputs 

(Pins 14, 15) 

These outputs can be combined externally to generate a 
loop error signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phase/frequency detector is characterized by 
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a linear transfer function. The operation of the phase/frequen- 
cy detector is described below and is shown in Figure 1 6. 
POL bit (C7) in the C register = low (see Figure 13) 

Frequency of fv > fR or Phase of fv Leading fp: (j)v = 

negative pulses, ({)p = essentially high 

Frequency of fv < fR or Phase of fv Lagging fR: ^y = 

essentially high, (t)R = negative pulses 

Frequency and Phase of fv = fR: (t>V and (j)r remain 

essentially high, except for a small minimum time period 

when both pulse low In phase 
POL bit (07) = high 

Frequency of fv > fR or Phase of fv Leading fR: (j)R = 

negative pulses, ({>v = essentially high 

Frequency of fv < fR or Phase of fv Lagging fp: ())r = 

essentially high, ^\j = negative pulses 

Frequency and Phase of fv = fR: ^y and (t)R remain 

essentially high, except for a small minimum time period 

when both pulse low in phase 
These outputs can be enabled, disabled, and interchanged 
via the C register (patented). 

LD 

Lock Detector Output (Pin 11) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (fR and fv of the 
same phase and frequency). The output pulses low when fv 
and fR are out of phase or different frequencies (see Figure 
16). 



This output can be enabled and disabled via the register 
(patented). Upon power up, on-chip initialization circuitry 
disables LD to a static low logic level to prevent a false "lock" 
signal. If unused, LD should be disabled and left open. 

power supply 
Vdd 

Most Positive Supply Potential (Pin 16) 

This pin may range from +2.5 to 6.0 V with respect to Vss- 
For optimum performance, Vdd should be bypassed to 
Vss using low-inductance capacitor(s) mounted very close 
{o the MCI 451 70. Lead lengths on the capacitor(s) should 
be minimized. (The very fast switching speed of the device 
causes current spikes on the power leads.) 

Vss 

Most Negative Supply Potential (Pin 12) 

This pin is usually ground. For measurement purposes, the 
Vss pin is tied to a ground plane. 
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ENB 



n. 



CLK 



R^LRJlPmJU^ 



MSB 



LSB 



r 



C7 H C6 H C5 H C4 K C3 H C2 C1 H CO 



i 



C7 — POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts 
PDout and interchanges the <t)R function with <^\/ as depicted in Figure 16. Also see the phase 
detector output pin descriptions for more information. This bit is cleared low at power up. 

C6 — PDA/B: Selects which phase/frequency detector is to be used. When set high, enables the output of 
phase/frequency detector A (PDout) ^"d disables phase/frequency detector B by forcing (|)r 
and ^y to the static high state. When cleared low, phase/frequency detector B is enabled ((t)R 
and (t)v) and phase/frequency detector A is disabled with PDout forced to the high-impedance 
state. This bit is cleared low at power up. 

C5 — LDE: Enables the lock detector output when set high. When the bit is cleared low, the LD output is 
forced to a static low level. This bit is cleared low at power up. 

C4-C2, OSC2-OSC0: Reference output controls which determine the REpQut characteristics as shown below. Upon 
power up, the bits are initialized such that OSCjn/8 is selected. 



C4 


C3 


C2 


REFout Frequency 







1 
1 
1 
1 





1 
1 




1 
1 




1 



1 



1 



1 


dc (Static Low) 
OSCin 
OSCin/2 
OSCin /4 

OSCin/8 
OSCin/16 
OSCin/8 
OSCin/16 



CI — fvE: Enables the fv output when set high. When cleared low, the fv output is forced to a static low 
level. The bit is cleared low upon power up. 

CO — fRE: Enables the fR output when set high. When cleared low, the fR output is forced to a static low 
level. The bit is cleared low upon power up. 



Figure 13. C Register Access and Format (8 Ciock Cycles are Used) 
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o 
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ENB ^^^ 

CLK |i u^ U^ U^ U= W W W W WW U^2U"U^^U^=U^^U^^U^=U^^U^°U='U^U='U=i 

MSB LSB 



r 



(O 

c 

30 
3) 



o 

(D 
(0 
(0 



■^in 



O 

o 
o 



o 

0) 

3 

00 

o 

c 



X ; X , X 



CLK 



X ; X n Fi14 n R13 ri R12 I 



R11 



R10 



R9 ' R8 ' R7 



R6 



R5 , R4 , R3 . R2 - R1 ' RO 



DONT CARE BITS 



SEE BELOW 



SEE BELOW 



SEE BELOW 



SEE BELOW 



ENB L 



J^lPU^lARRPU^U^lJU^^ 



r 



MSB 



LSB 



ijj^ yy/y^ R14 ! Ri3 j ri2 u rii l rio ] ^^ H ^^ H rt 



R6 



~n — n — H — H — n~ 

R5 , R4 , R3 * R2 ' R1 ' RO 



J I I L 



LJ I 



^ 



NOTALLOWED 

1 R COUNTER = -^1 (DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTOR) 

2 NOTALLOWED 

3 NOTALLOWED 

4 NOTALLOWED 

5 R COUNTER =-5-5 

6 R COUNTER =-6 

7 R COUNTER =-5-7 



^ 



O 

ro *si 
ui o 



7 F F E R COUNTER =-5-32,766 

7 F F F R COUNTER =-^32.767 

A V ^ ^ A 

1 UCYAncriMAI \/AI I IP I 



OCTAL VALUE ' HEXADECIMAL VALUE 



DECIMAL EQUIVALENT 



ENB I 



CLK 



n^HK^RAR^^^U^U^U^^AJ^ 



MSB 



LSB 



N15 



N14 



N13 



N12 



' N11 N10 



N9 



N8 



N7 



; N6 



N5 



N4 



N3 



N2 



N1 



I L 



J L 



1 



NOT ALLOWED 

1 NOT ALLOWED 

2 NOT ALLOWED 

3 NOT ALLOWED 



J I 



5 NOT ALLOWED 

6 NOT ALLOWED 

7 NOT ALLOWED 

8 N COUNTER = ■*- 40 

9 N COUNTER = H- 41 
A N COUNTER = +42 
B N COUNTER = 4-43 



F F F E N COUNTER = 4-65,534 
F F F F N COUNTER =+65.535 

' • ^ 



DECIMAL EQUIVALENT 



HEXADECIMAL VALUE 
Figure 15. N Register Access and Format (16 Clock Cycles Are Used) 



fR 

REFERENCE 

OSCjn 4- R 

FEEDBACK 
(fin-N) 



PDout 



<I>R 



<1>V 



LD 



rL 



n 



\s 



u 



J~L 



it 



ir 



¥ 



J~L 



IT 



u 



If 



rL 



IZ 



Vh 
Vl 

Vh 
Vl 
Vh 

HIGH IMPEDANCE 



— Vl 

— Vh 

— Vl 
Vh 

— Vl 

— Vh 

— Vl 



Vh = High voltage level 

Vl = Low voltage level 

*At this point, when both Ir and fv are in phase, the output source is forced to near mid-supply. 

NOTE: The PDout generates error pulses during out-of-lock conditions. When locked in phase and frequency, the output is high impedance 

and the voltage at that pin is determined by the low-pass filter capacitor. PDout. <t>R. and ^\j are shown with the polarity bit (POL) = low; 

see Figure 13 for POL. 

Figure 16. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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DESIGN CONSIDERATIONS 
CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 
Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct or 
dc coupled to OSCjn. If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to OSCjn 
may be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 

Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using 
discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device is ac coupled to 
OSCjn (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling is used. 
Use of the On-Chip Osciliator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 17. 

The crystal should be specified for a loading capacitance 
(Cl) which does not exceed 20 pF when used at the highest 
operating frequency. Larger Cl values are possible for lower 
frequencies. Assuming R1 = Q, the shunt load capacitance 
(Cl) presented across the crystal can be estimated to be: 

Cl = — r — — + Ca + Cstrav + 

Cin + Cout ^ C1 + C2 

where 

Cjn =5 pF (see Figure 18) 
Cout =6 pF (see Figure 18) 
Ca = 1 pF (see Figure 18) 
Cl and C2 =external capacitors (see Figure 17) 

Cstray =the total equivalent external circuit stray capaci- 
tance appearing across the crystal terminals 

The oscillator can be "trimmed" on-frequency by making a 
portion or all of Cl variable. The crystal and associated 
components must be located as close as possible to the 
OSCjn and OSCout P'^s to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cjn and Cout- ^or 
this approach, the term Cstray becomes in the above 
expression for Cl- 

Power is dissipated in the effective series resistance of the 
crystal. Re, in Figure 19. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency. R1 in Figure 17 limits the drive 
level. The use of R1 is not necessary in most cases. 



To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency at the REFout P'" (OSCout is not used because 
loading impacts the oscillator). The frequency should increase 
very slightly as the dc supply voltage is increased. An 
overdriven crystal decreases in frequency or becomes 
unstable with an increase in supply voltage. The operating 
supply voltage must be reduced or R1 must be increased in 
value if the overdriven condition exists. The user should note 
that the oscillator start-up time is proportional to the value of 
R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 2). 
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*May be needed in certain cases. See text. 
Figure 17. Pierce Crystal Oscillator Circuit 
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Figure 18. Parasitic Capacitances of the Amplifier 
and Cstray 
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Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 19. Equivalent Crystal Networks 
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Recommended Reading 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2, Feb. 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 



Control", Electro-Technology, June 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May 1966. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7, 1985. 

D. Babin, "Guidelines for Crystal Oscillator Design", 
Machine Design, April 25, 1 985. 



Table 2. 


Partial List of Crystal Manufacturers 




Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 
Fox Electronics 


3605 McCart Ave., Ft. Worth, TX 76110 

2371 Crystal Dr., Ft. Myers, FL 33907 

51 2 N. Main St., Orange, CA 92668 

5570 Enterprise Parkway, Ft. Myers, FL 33905 


(817)921-3013 
(813)936-2109 
(714)639-7810 
(813)693-0099 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this is a 
complete listing of crystal manufacturers. 
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PHASE-LOCKED LOOP— LOW PASS FILTER DESIGN 



(A) PDout -vsA^ 

Ri 



-vco 



F(s) = 



1/ K({)Kvco 
/ NRiC 

Ncon 



2K({>Kvco 

1 
RISC + I 



(B) PDout -VW- 

R1 




vco 



1/ K(|)Kvco 
/ NC(Ri+F 



^" V NC(Rf+R2) 
^ = 0.5 (On 

R2SC + 1 



("'"'Vvco) 



F(s) = 



(Rl + R2)sC + 1 



(C) 



<t>R 



R2 I 

w/ • X. 



Ih 




vco 



con = 



C = 



1/ K4>Kvco 
/ NCRi 

a)nR2C 



ASSUMING GAIN A IS VERY LARGE, THEN: 
R2SC + 1 



F(s) = 



R-jsC 



NOTE: 
For (C), Ri is frequently split into two series resistors; each resistor is equal to Ri divided by 2. A capacitor Cq is then placed from the 
midpoint to ground to further filter the error pulses. The value of Cc should be such that the corner frequency of this network does not 
significantly affect cDp. 

DEFINITIONS: 
N = Total Division Ratio in Feedback Loop 
K(j) (Phase Detector Gain) = Vdq/ 4n V/radian for PDout 
K(K (Phase Detector Gain) = \/QQ/2n V/radian for (^y and (j)r 



KVCO (VCO Gain) = 



27iAfvco 
^Vvco 



For a nominal design starting point, the user might consider a damping factor ^=0.7 and a natural loop frequency con = (27rfR/50) 
where fp is the frequency at the phase detector input. Larger cop values result in faster loop lock times and, for similar sideband filter- 
ing, higher fR-related VCO sidebands. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1979. 

Manassewitsch, Vadim, Frequency Syntfiesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1 980. 
Blanchard, Alain, Phase-Locked Loops: Appiication to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William R, Frequency Synthesis by Phase Lock. New York, Wiley-lnterscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 

Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1 980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 

1987. 
AN1207, The MCI 451 70 in Basic HF and VHP Oscillators, Motorola Semiconductor Products, Inc., 1992 
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v+ 

J_ 



MCU 



^^IJl 



-^ VHF OUTPUT 



BUFFER 



VHFVCO 



OPTIONAL 



li 



LOW-PASS FILTER 




OSCin 
OSCout 
REPout 
fin 

Din 
INB 
CLK 
Dout 



THRESHOLD 
DETECTOR 



o 

s 



Vdd 

hs "I OPTIONAL 
^y L LOOP ERROR 

14 



<t>R 
PDout 

VSS 
LD 



V+ 



13 



fv — 



INTEGRATOR 



SIGNALS 
(N0TE1) 



"X 



NOTES: 

1 . When used, the <j)r and ^y outputs are fed to an external combiner/loop filter. See the Phase-Locked 
Loop — Low-Pass Filter Design page for additional information. 

2. For optimum performance, bypass the Vqd P'" to Vss (GND ) with one or more low-inductance capaci- 
tors. 

3. The R counter is programmed for a divide value = OSCin/fR. Typically, f r is the tuning resolution required 
for the VCO. Also, the VCO frequency divided by fR = N, where N is the divide value of the N counter. 

Figure 20. Example Application 
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Technical Summary 
Dual-Band PLL Frequency 
Synthesizer with ADC and 
Frequency Counter 

CMOS 

The MC145173 is a single-chip CMOS synthesizer with a four-wire serial 
interface for primary use in AM-FM broadcast receivers. The device also finds 
use in LW (long-wave) and SW (short-wave) receivers. Two inputs to the 
high-speed N counter are provided along with 2 phase detectors: one for a VHF 
loop up to 130 MHz and another for an HP loop up to 30 MHz. The VHF phase 
detector has a current source/sink output and both detectors feature linear 
transfer functions. An external crystal ties across on-chip circuitry which drives 
a reference counter that is completely programmable. Thus, a broad range of 
tuning resolution is possible. The crystal oscillator is buffered and fed to an 
open-drain output which is active in the HF mode only. 

Due to the patented BitGrabber™ registers, there are no address or steering 
bits in the serial data stream for random access of the registers. The serial port 
is byte-oriented to facilitate control via an MCU. Tuning across a band is 
accomplished with a two-byte transfer to the N register. 

The 6-bit analog-to-digital converter (ADC) has two input channels. The 
converter is read via a one-byte transfer which includes an end-of-conversion 
(EOC) bit. 

A 22-stage frequency counter is provided and accepts two IF (intermediate 
fre- quency) signals. Primary use for the frequency counter is for the 
seek-and-scan function on broadcast radio receivers. Reading the count is 
accomplished with a three-byte serial transfer which includes a count-complete 
(CC) bit. 

Four general purpose digital outputs are included. One of the outputs is 
open-drain; the others are totem-pole (push-pull). Two general purpose digital 
inputs are provided also. One input has a comparator with a switch point at 33% 
of Vdd- 

• Operating Voltage Range: 4.5 to 5.5 V 

• Maximum Operating Frequency: VHFjp = 130 MHz @ 210 mVp-p 

HFin = 30MHz@210mVp-p 

• Maximum Frequency of Reference Counter: 15 MHz 

• Maximum Frequency of Frequency Counter: 25 MHz 

• Maximum Supply Current: Operating Mode = 25 mA 

Standby Mode = lOO^iA 

• Approximate ADC Conversion Time: 325 ^is 

• Operating Temperature Range: -40 to +85°C 

• R Counter Division Range: 1 and 5 to 16,383 

• N Counter Division Range: 40 to 32,767 

• Direct Interface to Motorola SPI Data Port 

• Order complete document as MC145173/D 



iViC145173 



DW SUFFIX 

SOG 
CASE 751 E 



ORDERING INFORMATION 

MC145173DW SOG Package 



PIN ASSIGNMENT 



OSCin [ 
ENB [ 

Din C 

CLK [ 

Dout [ 

INPUT D [ 

INPUT C [ 

INPUTS [ 

INPUT A [ 

HFIFin [ 

VHFIFin C 

OUTPUT A [ 



1 • 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 



] OSCout 

] REFout 

] OUTPUT D 

] VHFPDout 

] Rx 

] Vss 

] HFPDout 

] Vdd 

] HFin 

] VHFin 

] OUTPUT C 

1 OUTPUTS 



BitGrabber is a trademarl< of Motorola, Inc. 

This document contains information on a product under development. K/lotorola reserves the right to change or discontinue this product without notice. 
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Advance Information 

1.1 GHz PLL Frequency 

Synthesizers 

Include On-Board 64/65 Prescalers 

The MC145190 and MC145191 are single-package synthesizers with serial 
interfaces capable of direct usage up to 1.1 GHz. A special architecture makes 
these PLLs very easy to program because a byte-oriented format is utilized. Due 
to the patented BitGrabber"^^ registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
3-byte serial transfer to the 24-bit A register. The interface is both SPI and 
MICROWIRE™ compatible. 

Each device features a single-ended current source/sink phase detector output 
and a double-ended phase detector output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output is determined by an external resistor tied from the Rx pin 
to ground. This current can be varied via the serial port. 

The MCI 451 90 features logic-level converters and high-voltage phase/ 
frequency detectors; the detector supply may range up to 9.5 V. The MC1 451 91 
has lower-voltage phase/frequency detectors optimized for single-supply 
systems of 5 V±10%. 

Each part includes a differential RF input which may be operated in a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program- 
mable. The C register (configuration register) allows the parts to be configured 
to meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

In order to have consistent lock times and prevent erroneous data from being 
loaded into the counters, on-board circuitry synchronizes the update of the A 
register if the A or N counters are loading. Similarly, an update of the R register 
is synchronized if the R counter is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 

• Maximum Operating Frequency: 1100 MHz @ Vjn = 200 mVp-p 

• Operating Supply Current: 7 mA Nominal 

• Operating Supply Voltage Range (Vdd and Vqc P'ns): 4.5 to 5.5 V 

• Operating Supply Voltage Range of Phase Detectors (VpD Pin) — 

MC145190:8.0to9.5V 
MC145191:4.5to5.5V 

• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 

• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 

• Operating Temperature Range: -40 to +85°C 

• R Counter Division Range: 5 to 8191 plus Direct Access to Phase Detector Input 

• Dual-Modulus Capability Provides Total Division up to 262,143 

• High-Speed Serial Interface: 4 Mbps 

• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 
o Two General-Purpose Digital Outputs — OUTPUT A: Totem-Pole (Push-Pull) 

OUTPUT B: Open-Drain 

• Patented Power-Saving Standby Feature with Orderly Recovery for Minimizing 

Lock Times, Standby Current: 50 ^.A 

• The MC145190EVK is the evaluation platform for the MCI 451 90 

• The MC145191EVK is the evaluation platform for the MC145191 
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ORDERING INFORMATION 

MC145190F SOG Package 
MC145191F SOG Package 



PIN ASSIGNMENT 


REFout [ 1 • 


20 


] REFin 


LD[ 


2 


19 


] Din 


^R [ 


3 


18 


] CLK 


I'VE 


4 


17 


] ENB 


VpdC 


5 


16 ] OUTPUT A 


PDout [ 


6 


15 ] OUTPUT B 


GND [ 


7 


14 


3 Vdd 


Rx[ 


8 


13 


] TEST 2 


TEST1 [ 


9 


12 ] Vcc 


5;[ 


10 


11 ] fin 











This document contains information on a new product. Specifications and information herein are subject to change without notice. 
BitGrabber is a trademark of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp. 
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BLOCK DIAGRAM 



DATA OUT . 



REFin 



REFout 



20 



CLK ■ 



ENB ■ 



OSCOR 

4-STAGE 

DIVIDER 

(CONFIGURABLE) 



^ 



13-STAGER COUNTER 



SHIFT 
REGISTER 

AND 
CONTROL 

LOGIC 



y^ 



INTERNAL 
CONTROL 



13 



DOUBLE-BUFFERED 

BitGrabber™ R REGISTER 

16 BITS 



BitGrabber™ C REGISTER 
8 BITS 



STANDBY 
LOGIC 



FOR 



BitGrabber™ A REGISTER 
24 BITS 



-7^ 



/, 



6-STAGE 
A COUNTER 




64/65 
PRESCALER 



12-STAGE 
N COUNTER h- ' 



SUPPLY CONNECTIONS: 

PIN 12 = Vcc (V+ TO INPUT AMP AND 64/65 PRESCALER) 
PIN 5 = Vpn (V+ TO PHASE/FREQUENCY DETECTORS A AND B) 
PIN 14 = Vdd (V+ to balance OF CIRCUIT) 
PIN 7 = GNID (COMMON GROUND) 



MODULUS 

CONTROL 

LOGIC 



PORT . 



SELECT 
LOGIC 



•OUTPUT A 



LOCK DETECTOR 
AND CONTROL 



•LD 



PHASE/FREQUENCY ^^^ „^ 
DETECTOR A AND CONTROL "^ P^out 



PHASE/FREQUENCY 
DETECTOR BAND CONTROL 



-^<1>R 
4^ , 



D> 



^ OUTPUT B 
(OPEN-DRAIN 
OUTPUT) 



TEST 2 



-^ TEST 1 



MAXIMUM RATINGS* (Voltages Referenced to GND, unless othenwise stated) 




Symbol 


Parameter 


Value 


Unit 


Vcc. Vdd 


DC Supply Voltage (Pins 12 and 14) 


-0.5to->-6.0 


V 


VPD 


DC Supply Voltage (Pin 5) MCI 451 90 

MC145191 


Vdd -0.5 to +9.5 

Vdd -0.5 to +6.0 


V 


V|n 


DC Input Voltage 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage (except OUTPUT B, PDout. <t>R. 
(DV) 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage (OUTPUT B, PDout, <1>R. <I»V) 


-0.5toVpD+0.5 


V 


•in. IPD 


DC Input Current, per Pin (Includes Vpo) 


±10 


mA 


'out 


DC Output Current, per Pin 


±20 


mA 


'dd 


DC Supply Current, Vdd ^^^ ^ND Pins 


±30 


mA 


Pd 


Power Dissipation, per Package 


300 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


°C 


Tl 


Lead Temperature, 1 mm from Case for 10 seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 



This device contains protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage high- 
er than maximum rated voltages to this 
high-impedance circuit. 
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ELECTRICAL CHARACTERISTICS 

(Vdd = Vcc = 4.5 to 5.5 V, Voltages Referenced to GND, Ta = -40 to +85°C, unless othenwise stated; 
MC1 451 90: Vpp = 8.0 to 9.5 V; MC1 451 91 : VpD = 4.5 to 5.5 V with VpD ^ Vrq. 



Symbol 


Parameter 


Test Condition 


Guaranteed 
Limit 


Unit 


V|L 


Maximum Low-Level Input Voltage 
(Djn, CLK, ENB, REFjn) 


Device in Reference Mode 


0.3 X Vdd 


V 


VjH 


Minimum High-Level Input Voltage 
(Din, CLK, ENB, REFjn) 


Device in Reference Mode 


0.7 X Vdd 


V 


Vhys 


Minimum Hysteresis Voltage (CLK, ENB) 




300 


mV 


Vol 


Maximum Low-Level Output Voltage 
(REFout. OUTPUT A) 


lout = 20 jiA, Device in Reference Mode 


0.1 


V 


VOH 


Minimum High-Level Output Voltage 
(REFout. OUTPUT A) 


lout = -20 fiA, Device in Reference Mode 


Vdd -0.1 


V 


'OL 


Minimum Low-Level Output Current 
(REFout. LD,(l)R,(|)v) 


Vout = 0.4V 


0.36 


mA 


lOH 


Minimum High-Level Output Current 
(REFout. LD, (t)R, (l)v) 


Vout = Vdd - 0.4 V for REFout. LD 
Vout = VpD -0.4 V for (J,R,(t,v 


-0.36 


mA 


lOL 


Minimum Low-Level Output Current 
(OUTPUT A, OUTPUT B) 


Vout = 0.4 V 


1.0 


mA 


lOH 


Minimum High-Level Output Current 
(OUTPUT A, Only) 


Vout = Vdd -0.4 V 


-0.6 


mA 


lin 


Maximum Input Leakage Current 
(Djn, CLK, ENB, REFjn) 


Vjn = Vdd or GND. Device in XTAL Mode 


±1.0 


ha 


■in 


Maximum Input Current 
(REFjn) 


Vjn = Vdd or OND, Device in Reference Mode 


±150 


ha 


lOZ 


Maximum Output Leakage Current (PDout) 


Vout = VpD - 0.5 V or 0.5 V. MCI 451 90 
Output in High-Impedance State MCI 451 91 


±150 
±200 


nA 


lOZ 


Maximum Output Leakage Current 

(OUTPUT B) 


Vout = VpDorGND, 

Output in High-Impedance State 


±10 


^lA 


'STBY 


Maximum Standby Supply Current 
(Vdd + VpD Pins) 


Vjn = Vdd or GND; Outputs Open; Device In Standby Mode, 
Shut-Down Crystal Mode or REFoufStatic-Low Reference 
Mode; OUTPUT B Controlling Vqc per Figure 21 


50* 


jiA 


IPD 


Maximum Phase Detector 
Quiescent Current (VpD Pin) 


Bit C6 = High Which Selects Phase Detector A, 

PDout = Open, PDout = Static Low or High, Bit C4 = Low 

Which Is nof Standby, Irx = 113 ^A 


600* 


fiA 


Bit C6 = Low Which Selects Phase Detector B, ^^ and 
<|)V = Open, <t)R and <{)v = Static Low or High, Bit 
C4 = Low Which is nof Standby 


30* 


It 


Total Operating Supply Current 
(Vdd + VPD + Vcc Pins) 


fjn = 1.1 GHz; REFjn = 13 MHz @ 1 Vp-p; 

OUTPUT A = Inactive and No Connect; 

REFout + 8; ^\/, <|)r, PDout. I-D = No Connect; 

Djn, ENB, CLK = Vdd or GND, Phase Detector B Selected 

(BitC6 = Low) 




mA 



*MC145191 only 
**The nominal value = 7 mA. This is not a guaranteed limit. 
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ANALOG CHARACTERISTICS—CURRENT SOURCE/SINK OUTPUT— PDout 

(lout ^ 2 mA, Vdd = Vcc = 4.5 to 5.5 V, Vqd ^ Vpp. Voltages Referenced to GND) 



Parameter 


Test Condition 


VpD 


Guaranteed 
Limit 


Unit 


Maximum Source Current Variation (Part-to-Part) 


MC145190:Vout = 0.5xVpD 


8.0 


±20 


% 


9.5 


±20 


MC1 451 91 : Vout = 0.5 x Vpp 


4.5 


±20 


% 


5.5 


±20 


Maximum Sink-vs-Source Mismatch (Note 3) 


MC145190:Vout = 0.5xVpD 


8.0 


12 


% 


9.5 


12 


MC145191 : Vout = 0.5 X VpD 


4.5 


12 


% 


5.5 


12 


Output Voltage Range (Note 3) 


MC145190: lout variation ^ 20% 


8.0 


0.5 to 7.5 


V 


9.5 


0.5 to 9.0 


MCI 451 91 : lout variation ^ 20% 


4.5 


0.5 to 4.0 


V 


5.5 


0.5 to 5.0 



NOTES: 

1 . Percentages calculated using the following formula: (Maximum Value - Minimum Value)/Maximum Value. 

2. See Rx Pin Description for external resistor values. 

3. This parameter is guaranteed for any specific temperature within -40 to +85°C. 

4. The analog characteristics for PDout Q""® preliminary and subject to change for the MCI 451 90. 



AC INTERFACE CHARACTERISTICS (Vqd = 4.5 to 5.5 V, Ta = - 40 to +85''C, Cl = 50 pF, Input tp = tf = 10 ns; 

MCI 451 90: Vpo = 8.0 to 9.5 V; MCI 451 91 : Vpp = 4.5 to 5.5 V with Vqd ^ Vpo) 



Symbol 


Parameter 


Figure # 


Guaranteed 
Limit 


Unit 


folk 


Serial Data Clock Frequency (Note: Refer to Clock t^ below) 


1 


dc to 4.0 


MHz 


tPLH. 
tPHL 


Maximum Propagation Delay, CLK to OUTPUT A (Selected as Data Out) 


1.5 


105 


- ns 


tPLH. 
tPHL 


Maximum Propagation Delay, ENB to OUTPUT A (Selected as Port) 


2,5 


100 


ns 


tpZL. tpLZ 


Maximum Propagation Delay, ENB to OUTPUT B 


2,6 


120 


ns 


tJLH. tTHL 


Maximum Output Transition Time, OUTPUT A and OUTPUT B; 
tTHLONLY, on OUTPUT B 


1,5,6 


100 


ns 


Cm 


Maximum Input Capacitance - Djn, ENB, CLK 




10 


pF 



TIMING REQUIREMENTS 

(Vdd = Vcc = 4.5 to 5.5 V, Ta = -40 to +85*'C, Input tf = tf = 1 ns unless othenwise indicated) 



Symbol 


Parameter 


Figure # 


Guaranteed 
Limit 


Unit 


tsu. th 


Minimum Setup and Hold Times, Djn vs CLK 


3 


20 


ns 


tsu.th. 
tree 


Minimum Setup, Hold and Recovery Times, ENB vs CLK 


4 


100 


ns 


tw 


Minimum Pulse Width, ENB 


4 


* 


cycles 


tw 


Minimum Pulse Width, CLK 


1 


125 


ns 


tr.tf 


Maximum Input Rise and Fall Times - CLK, ENB 


1 


100 


^s 



The minimum limit is 3 REFjn cycles or 195 fjn cycles, whichever is greater. 
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LOOP SPECIFICATIONS (Vdd = Vcc = 4.5 to 5.5 V unless otherwise indicated, Ta = -40 to +85°C) 



Symbol 


Parameter 


Test Condition 


Figure 

# 


Guaranteed 
Operating Range 


Unit 


Min 


Max 


Vin 


Input Voltage Range, fjn 


100MHz^fin<250MHz 
250 MHz ^fjn^ 1100 MHz 


7 


400 
200 


1500 
1500 


mVp-p 


fref 


Input Frequency, REFjn Externally Driven in 
Reference Mode 


Vjn = 400 mVp-p 
Vin = 1Vp-p 

R Counter set to divide ratio such that 
fR ^ 2 MHz; REF Counter set to di- 
vide ratio su9h that REFout ^ 10 MHz 


8 


12 
4.5* 


27 
27 


MHz 


fXTAL 


Crystal Frequency, Crystal Mode 


CI <. 30 pF, C2 < 30 pF, Includes 
Stray Capacitance; R Counter and 
REF Counter same as above 


9 


2 


15 


MHz 


^out 


Output Frequency, REFout 


Cl = 30 pF 


10,12 


dc 


10 


MHz 


f 


Operating Frequency of the Phase Detectors 






dc 


2 


MHz 


tw 


Output Pulse Width, (t)R, <^\/, LD — MC145191 


fR in Phase with fv, Cl = 50 pF, 
VpD = 5.5 V, Vdd = Vcc = 5.0 V 


11,12 


20 


100 


ns 


tTLH. 
tTHL 


Output Transition Times, LD, ^y, 
(1)R — MC145191 


CL = 50pF,VpD = 5.5V, 

Vdd = Vcc = 5.0 V 


11,12 


— 


65 


ns 


Cin 


Input Capacitance, REFjp 






- 


5 


pF 



*lf lower frequency is desired, use wave shaping or higher amplitude sinusoidal signal. 
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PIN DESCRIPTIONS 

DIGITAL INTERFACE PINS 

Din 

Serial Data Input (Pin 19) 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of CLK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the first buffer of the R 
register, or 3 bytes (24 bits) to access the A register (see Table 
1 ). The values in the C, R, and A registers do not change during 
shifting beca use t he transfer of data to the registers is 
controlled by ENB. 

CAUTION 

The value programmed for the N-counter must be 
greater than or equal to the value of the A-counter. 

The 13 least significant bits (LSBs) of the R register are 
double-buffered. As indicated above, data is latched into the 
first buffer on a 16-bit transfer. (The 3 MSBs are not 
double-buffered and have an immediate effect after a 16-bit 
transfer.) The second buffer of the R register contains the 
1 3 bits for the R counter. This second buffer is loaded with the 
contents of the first buff er when the A register is loaded (a 24-bit 
transfer). This allows presenting new values to the R, A, and 
N counters simultaneously. If this is not r equire d, then the 
16-bit transfer may be followed by pulsing ENB low with no 
signal on the CLK pin. This is an alternate method of 
transferring data to the second buffer of the R register (see 
Figure 16). 

The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in the 
stream are available to be data for the three registers. Random 
access of any register is provided. That is, the registers may 
be accessed in any sequence. Data is retained in the registers 
over a supply range of 4.5 to 5.5 V. The formats are shown 
in Figures 13, 15, and 16. 

Din typically switches near 50% of Vdd ^o maximize noise 
immunity. This input can be directly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rall. 
When Interfacing to NMOS orTTL devices, either a level shifter 
(MC74HC14A, MC14504B) or pull-up resistor of 1 kQ to 10 
kQ must be used. Parameters to consider when sizing the 
resistor are worst-case Iql of the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1. Register Access 

(MSBs are shifted in first; CO, RO, and AO are the LSBs) 



Number 
of Clocks 


Accessed 
Register 


Bit 
Nomenclature 


8 

16 

24 

Other Values < 32 

Values > 32 


C Register 
R Register 
A Register 
Not Allowed 
See Figures 
22-25 


C7, C6, C5 CO 

R15, R14, R13 RO 

A23,A22,A21 AO 



CLK 

Serial Data Clock Input (Pin 18) 

Low-to-high transitions on CLK shift bits available at the 
Djn pin, while high-to-low transitions shift bits from 
OUTPUT A(whenconfiguredas DataOut, see Pin 1 6). The 
24-1/2-stage shift register is static, allowing clock rates 
down to dc in a continuous or intermittent mode. 



Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the first buffer of the R 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 13, 15, and 16. The number of 
clocks required for cascaded devices is shown in Figures 23 
through 25. 

CLK typically switches near 50% of Vdd and has a 
Schmitt-triggered input buffer. Slow CLK rise and fall times are 
allowed. See the last paragraph of Din for more information. 

CAUTION 

To guarantee proper operation of the Power-On 
Reset (POR) circuit, the CLK pin must be grounded 
or held low during power up. 

ENB 

Active Low Enable Input (Pin 17) 

This pin is used to activate the serial interface to allow the 
transfer of data to/from the device. When ENB is in an inactive 
high state, shifting is inhibited and the port is held in the 
initialized state. To transfer data to the device, ENB (which 
must start inactive hi gh) is taken low, a serial transfer is made 
via Djn and C LK, a nd ENB is taken back high. The low-to-high 
transition on ENB transfers data to the C or A registers and 
first buffer of the R register, depending on the data stream 
length per Tabl e 1 . 

Transitions on ENB must not be attempted while CLK is high. 
This puts the device out of synchronizatio n wi th the 
microcontroller. Resynchronization occurs when ENB is high 
and CLK is low. 

This input Is also Schmitt-triggered and switches near 50% 
of Vdd. thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din for more 
information. 

CAUTION 

ENB must not be floa ted or toggled during power up. 

ItispreferabletoholdENBatthepotentialoftheVDD 
pin during power up to guarantee proper operation of 
the POR circuit. 

OUTPUT A 

Configurable Digital Output (Pin 16) 

OUTPUT A is selectable as f r, fv, Data Out, or Port. Bits 
A22 and A23 in the A register control the selection; see 
Figure 15. 

If A23 = A22 = high, OUTPUT A is configured as f r. This 
signal is the buffered output of the 1 3-stage R counter. The 
fR signal appears as normally low and pulses high, and can 
be usedto verify the divide ratio of the R counter. This ratio 
extendsf rom5to81 91 andisdeterminedbythebinary value 
loaded into bits R0-R12 in the R register. Also, direct 
access to the phase detectors via the REFjn pin is allowed 
by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fR should not exceed 
2 MHz. 

If A23 = high and A22 = low, OUTPUT A is configured as 
fV- This signal is the buffered output of the 1 2-stage N counter. 
The fv signal appears as normally low and pulses high, and 
can be used to verify the operation of the prescaler, A counter, 
and N counter. The divide ratio between the fjp input and the 
fv signal is N x 64 + A. N is the divide ratio of the N counter 
and A is the divide ratio of the A counter. These ratios are 
determined by bits loaded into the A register. See Figure 15. 
The maximum frequency at which the phase detectors operate 



MC145190.MC145191 
2-638 



MOTOROLA COMMUNICATIONS DEVICE DATA 



The maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fv should not exceed 
2 MHz. 

If A23 = low and A22 = high, OUTPUT A is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream is shifted out on the high-to-low 
transition of the CLK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (01) of the C register is low, and high when the Port bit 
is high. 

OUTPUT B 

Open-Drain Digital Output (Pin 15) 

Thissignalisageneral-purposedigitaloutputwhichmay 
be used as an MOU port expander. This signal is low when 
the Out B bit (CO) of the register is low. When the Out 
B bit is high, OUTPUT B assumes the high-impedance 
state. OUTPUT B may be pulled up through an external 
resistor or active circuitry to any voltage less than or equal 
to the potential of the Vpo pin. Note: the maximum voltage 
allowed on the VpD pin is9.5Vforthe MCI 451 90and5.5 V 
fortheMC145191. 

Upon power-up, power-on reset circuitry forces OUTPUT 
B to a low level. 
REFERENCE PINS 

REFjn and REFout 

Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode or the reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 1 6. 

In crystal mode, these pins form a reference oscillator when 
connected to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate values as 
recommended by the crystal supplier are connected from each 
of the two pins to ground (up to a maximum of 30 pF each, 
including stray capacitance). An external resistor of 1 MQ to 
1 5 M^ is connected directly across the pins to ensure linear 
operation of the amplifier. The device is designed to operate 
with crystals up to 15 MHz; the required connections are 
shown in Figure 9. To turn on the oscillator, bits R15, R14, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, If bits 
R1 5 to R1 3 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 1 6) and can be engaged whether in standby 
or not. 

In the reference mode, REFjp (Pin 20) accepts a signal up 
to 27 MHz from an external reference oscillator, such as a 
TCXO. A signal swinging from at least the V|l to V|h levels 
listed in the Electrical Characteristics table may be directly 
coupled to the pin. If the signal is less than this level, ac 
coupling must be used as shown in Figure 8. Due to an 
on-board resistor which is engaged in the reference modes, 
an external biasing resistor tied between REFjn and REFout 
is not required. 



With the reference mode, the REFout P'" 's configured as 
the output of a divider. As an example, if bits R15, R14, and 
R13 have an octal value of seven, the frequency at REFout 
is the REFjn frequency divided by 16. In addition. Figure 16 
shows how to obtain ratios of eight, four, and two. A ratio of 
one-to-one can be obtained with an octal value of three. Upon 
power up, a ratio of eight is automatically Initialized. The 
maximum frequency capability of the REFout P'n 's 10 MHz. 
Therefore, for REFjn frequencies above 10 MHz, the 
one-to-one ratio may not be used. Likewise, for REFjn 
frequencies above 20 MHz, the ratio must be more than two. 

If REFout is unused, an octal value of two should be used 
for R1 5, R1 4, and R1 3 and the REFout P'" should be floated. 
A value of two allows REFjn <o be functional while disabling 
REFout. which minimizes dynamic power consumption and 
electromagnetic interference (EMI). 

LOOP PINS 

fjnandfSi 

Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 
prescaler. These inputs may be fed differentially. However, 
they usually are used in a single-ended configuration (shown 
in Figure 7). Note that fjn is driven while fjn must be tied to 
ground via a capacitor. 

Motorola does not recommend driving fjp while terminating 
f jn because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown in the Loop 
Specifications table. 

PDout 

Single-Ended Phase/Frequency Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as 
a loop error signal when combined with an external low-pass 
filter. The phase/frequency detector is characterized by a 
linear transfer function. The operation of the phase/frequency 
detector is described below and is shown in Figure 17. 
POL bit (07) in the C register = low (see Figure 13) 
Frequency of fv > fR or Phase of fv Leading fp: 

current-sinking pulses from high impedance 
Frequency of fv < fR or Phase of fv Lagging fp: 

current-sourcing pulses from high impedance 
Frequency and Phase of fv = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
POL bit (07) = high 
Frequency of fv > fR or Phase of fv Leading fp: 

current-sourcing pulses from high impedance 
Frequency of fv < fR or Phase of fv Lagging fp: 

current-sinking pulses from high impedance 
Frequency and Phase of fv = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and inverted via the 
C register. If desired, PDout can be forced to the high- 
impedance state by utilization of the disable feature in the C 
register (bit 06). This is a patented feature. Similarly, PDout 
is forced to the high-impedance state when the device is put 
into standby (STBY bit 04 = high). 

The PDout circuit is powered by Vpo- The phase detec- 
tor gain is controllable by bits 03, 02, and CI: gain (in 
amps per radian) = PDout current divided by 2n. 
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(|)p and (j)v (Pins 3 and 4) 

Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate 
a loop error signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phase/frequency detector is characterized 
by a linear transfer function. The operation of the 
phase/frequency detector isdescribed below and is shown 
in Figure 17. 
POL bit (07) in the register = low (see Figure 13) 
Frequency of fv > f R or Phase of f v Leading f r: (t)V = negative 

pulses, (1)R = essentially high 
Frequency of fv < fR or Phase of iy Lagging fR: i^y = 

essentially high, (})r = negative pulses 
Frequency and Phase of fv = fR: (t)V and (j)R remain 
essentially high, except for a small minimum time period 
when both pulse low in phase 
POL bit (07) = high 
Frequency of fv>fRorPhaseoffvLeadingfR:(t)R = negative 

pulses, (t)v = essentially high 
Frequency of fv < fR or Phase of fv Lagging fR: (t)R = 

essentially high, (|)v = negative pulses 
Frequency and Phase of fv = fR: ^y and (()r remain 
essentially high, except for a small minimum time period 
when both pulse low in phase 
These outputs can be enabled, disabled, and interchanged 
via register bits 06 or 04. This is a patented feature. Note 
that when disabled or in standby, ^f{ and (^y are forced to their 
rest condition (high state). 

The (|)R and ^y output signal swing is approximately from 
GND to VpD. 

LD 

Lock Detector Output (Pin 2) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (f r and fv of the 
same phase and frequency). The output pulses low when 
fvandfRareoutofphaseordifferentfrequencies.LDisthe 
logical ANDing of (t)R and ^y (see Figure 17). 

This output can be enabled and disabled via the register. 
This is a patented feature. Upon power up, on-chip initialization 
circuitry disables LD to a static low logic level to prevent a false 
"lock" signal. If unused, LD should be disabled and left open. 

The LD output signal swing is approximately from GND to 

vdd- 

Rx 

External Resistor (Pin 8) 

A resistortied between this pin and GND, in conjunction with 
bits in the register, determines the amount of current that 
the PDout pin sinks and sources. When bits 02 and 03 are 
both set high, the maximum current is obtained at PDout; see 
Tables 2 and 3 for other values of current To achieve a 
maximum current of 2 mA, the resistor should be about 47 kQ 
when VpD is 9 V or about 1 8 kQ. when Vrd is 5.0 V. See Figure 
14 if lower maximum current values are desired. 

When the (j)r and ^y outputs are used, the Rx pin may be 
floated. 



TEST POINT PINS 

TEST1 

Modulus Control Signal (Pin 9) 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. 

CAUTION 

This pin is an unbuffered output and mt/sf be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 

Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output 

CAUTION 

This pin is an unbuffered output and mustbe floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There Is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

power supply pins 
vdd 

Positive Power Supply (Pin 14) 

This pin supplies power to the main OMOS digital portion 
of the device. The voltage range is + 4.5 to + 5.5 V with 
respect to the GND pin. 

For optimum performance, Vdd should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

vcc 

Positive Power Supply (Pin 1 2) 

This pin supplies power to the RF amp and 64/65 
prescaler. The voltage range is +4.5 to +5.5 V with respect 
totheGND pin. In thestandby mode, the Vco pin still draws 
a few milliamps from the power supply. This current drain 
can be eliminated with the use of transistor Q1 as shown 
in Figure 21. 

For optimum performance, Vco should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VpD 

Positive Power Supply (Pin 5) 

This pin supplies power to both phase/frequency detectors 
A and B. The voltage applied on this pin must be no less than 
the potential applied to the Vqd pin. The maximum voltage 
can be + 9.5 V with respect to the GND pin for the M01 451 90 
and +5.5 V for the MC145191. 

Foroptimum performance, VpDshould be bypassedto GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

GND 

Ground (Pin 7) 

Common ground. 



MC145190«MC145191 
2-640 



MOTOROLA COMMUNICATIONS DEVICE DATA 



can be + 9.5 V with respect to the GND pin for the MC1 451 90 minimized, 
and + 5.5 V for the MC1 451 91 . 

For optimum performance, Vpo should be bypassed to ^ . . . 

GND using a low-inductance capacitor mounted very close p"" V '" ') 

to these pins. Lead lengths on the capacitor should be <-ommon grouna. 



ENB 



1 



CLK 



KRA^AAA^^ 




*At this point, the new byte is transferred to the C register and stored. No other registers are affected. 



C7 — POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts 
PDout and interchanges the ^jf\ function with ^y as depicted in Figure 17. Also see the phase 
detector output pin descriptions for more information. This bit is cleared low at power up. 

C6 — PDA/B: Selects which phase/frequency detector is to be used. When set high, enables the output of 
phase/frequency detector A (PDout) ^^d disables phase/frequency detector B by forcing (t)R 
and (t)v to the static high state. When cleared low, phase/frequency detector B is enabled ((})r 
and (t)v) and phase/frequency detector A is disabled with PDout forced to the high-impedance 
state. This bit is cleared low at power up. 

C5 — LDE: Enables the lock detector output (LD) when set high. When the bit is cleared low, the LD output 
is forced to a static low level. This bit is cleared low at power up. 

C4 — STBY: When set, places the CMOS section of device, which is powered by the Vpo and Vpo pins, 
in the standby mode for reduced power consumption: PDout 'S forced to the high-impedance 
state, (t)R and (^y are forced high, the A, N, and R counters are inhibited from counting, and 
the Rx current is shut off. In standby, the state of LD is determined by bit C5. 05 low forces 
LD low (no change). 05 high forces LD static high. During standby, data is retained in the A, 
R, and registers. The condition of REF/OSO circuitry is determined by the control bits in 
the R register: R13, R14, and R15. However, if REFout = static low is selected, the internal 
feedback resistor is disconnected and the input is inhibited when in standby; in addition, the 
REFjn input only presents a capacitive load. NOTE: Standby does not affect the other modes 
of the REF/OSO circuitry. 

When 04 is reset low, the part is taken out of standby in 2 steps. First, the REFjn (only in one mode) resistor 
is reconnected, all counters are enabled, and the Rx current is enabled. Any fp and fy signals 
are inhibited from toggling the phase/frequency detectors and lock detector. Second, when the 
first fy pulse occurs, the R counter is jam loaded, and the phase/frequency and lock detectors 
are initialized. Immediately after the jam load, the A, N, and R counters begin counting down 
together. At this point, the fp and fv pulses are enabled to the phase and lock detectors. (Pat- 
ented feature.) 

03, 02 — 12, II : Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum 
current (as set by Rx per Figure 14) is available. Also, see 01 bit description. 

01 — Port: When the OUTPUT A pin is selected as "Port" via bits A22 and A23, 01 determines the state 
of OUTPUT A. When 01 is set high, OUTPUT A is forced high; 01 low forces OUTPUT A 
low. When OUTPUT A is NOT selected as "Port," 01 controls whether the PDout step size 
is 10% or 25%. (See Tables 2 and 3.) When low, steps are 10%. When high, steps are 25%. 
Default is 10% steps when OUTPUT A is selected as "Port." The Port bit is not affected by 
the standby mode. 

CO — Out B: Determines the state of OUTPUT B. When 00 is set high, OUTPUT B is high-impedance; OO 
low forces OUTPUT B low. The Out B bit is not affected by the standby mode. This bit is cleared 
low at power up. 

Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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lout, SOURCE CURRENT (mA) 

NOTE: The MC1 451 91 is optimized for Rx values in the 1 8 I<f2 to 40 kQ range. For example, to achieve 0.3 mA of output 
current, it is preferable to use a 30-kn resistor for Rx and bit settings for 25% (as shown in Table 3). 

Figure 14. Nominal Source Current for tiie PDout Pi" 



Table 2. PDout Current, C1 = Low with OUTPUT A NOT 

Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 



Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 
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ENB 



CLK 



NOTE 3 



MSB 



A23 



A22 



A21 



m 



* A20 ^ A19 



m 



LSB 



A18 



A16 



A15 



A14 , A13 / A12 / A11 



A10 



A9 



A8 



A4 / A3 



1 



1 




BOTH BITS 

MUST BE 

HIGH 



BINARY OUTPUT A 

VALUE FUNCTION 

(NOTE 1) 



NOT ALLOWED 

1 NOT ALLOWED 
NOT ALLOWED 
NOT ALLOWED 
NOT ALLOWED 
N COUNTER =-^5 
N COUNTER =-6 
N COUNTER =H-7 



A COUNTER =-^0 

1 A COUNTER =-^1 

2 A COUNTER =-^2 

3 A COUNTER =-^ 3 



E A COUNTER =-^62 
F A COUNTER =-^ 63 



F E N COUNTER =-^4094 

F F N COUNTER =-^4095 



NOT ALLOWED 

1 NOT ALLOWED 



F NOT ALLOWED 



HEXADECIMAL VALUE 
FOR N COUNTER 



HEXADECIMAL VALUE 
FOR A COUNTER 



NOTES: 

1 . A power-on initialize circuit forces the OUTPUT A function to default to Data Out. 

2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 

3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 
Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of the R register is not affected. The C register is not affected. 
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ENB 



1 



JU 
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R^^mjnJlRRRjyTilRilRH^ 



MSB 



LSB 



NOTE NOTE 
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R15 


R14 


R1 






1 


1 











R12 : R11 



R10 



R8 I R7 



R6 



R5 R4 



R3 



R2 



^T± 



J 



I . I 



CRYSTAL MODE, SHUT DOWN 

1 CRYSTAL MODE, ACTIVE 

2 REFERENCE MODE, REFjn ENABLED and REFout 

STATIC LOW 

3 REFERENCE MODE, REFout = REFin (BUFFERED) 

4 REFERENCE MODE, REFout =REFin/2 

5 REFERENCE MODE, REFout = REFin/4 

6 REFERENCE MODE, REFout = REFin/8 (NOTE 3) 

7 REFERENCE MODE, REFout = REFin/16 

L OCTAL VALUE 



NOT ALLOWED 

1 DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTORS 

2 NOT ALLOWED 

3 NOT ALLOWED 

4 NOT ALLOWED 

5 R COUNTER =+5 

6 R COUNTER =+6 

7 R COUNTER = +7 

8 R COUNTER =+8 



BINARY VALUE 



1 F F E R COUNTER =+8190 
1 F F F R COUNTER =+8191 



HEXADECIMAL VALUE 



NOTES: 

1 . Bits R15 through R13 control the configurable "OSC or 4-stage divider" block (see Block Diagram). 

2. Bits R12 through RO control the "13-stage R counter" block (see Block Diagram). 

3. A power-on initialize circuit forces a default REFjp to REFout ratio of eight. 

4. Atthis point, bits R1 3, R1 4, and R1 5 are stored and sentto the "OSCor 4-Stage Divider" block in the Block Diagram. 
Bits RO through R1 2 are loaded into the first buffer in the double-buffered section of the R register. Therefore, the 
Rcounterdivide ratio is not altered yetand retains the previous ratio loaded. The CandAregistersare not affected. 

5. At this point, bits RO through R12 are transferred to the second buffer of the R register. The R cou nter b egins 
dividing by the new ratio after completing the rest of the present count cycle. CLK must be low during the EN B pulse, 
as shown. Also, see note 3 of Figure 1 5 for an alternate method of loading the second buffer in the R register. The 
C and A registers are not affected. The first buffer of the R register is not affected. 



Figure 16. R Register Access and Format (16 Clock Cycles Are Used) 
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REFERENCE 
REFin + R 



FEEDBACK 
fin + (Nx64 + A) 



PDout 



<1>V 



ii 



LD 



U 



1^ — U 



— Vh 
Vl 

Vh 



"L 



Vl 

- sourcing current 

- high impedance 

-sinking current 
■Vh 



Vl 

Vh 

— Vl 
— Vh 

— Vl 



Vh = High voltage level 

Vl = Low voltage level 

*At this point, when both Ir and fy are in phase, the output source and sink circuits are turned on for a short inten/al. 

NOTE: The PDout either sources or sinks current during out-of-lock conditions. When locked in phase and frequency, the 

output is high impedance and the voltage at that pin is determined by the low-pass filter capacitor. PDout. 4>R> ^^^ 

(j)V are shown with the polarity bit (POL) = low; see Figure 13 for POL. 

Figure 17. Phase/Frequency Detectors and Lock Detector Output Waveforms 



DESIGN CONSIDERATIONS 
CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 
Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct or 
dc coupled to REFjn- If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to REFjn 
may be used (see Figure 8). 

For additional Information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using 
discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device Is ac coupled to 
REFjn (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 
Use of the On-Chip Oscillator Circuitry 

The on-chip amplifier (a digital Inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 



The crystal should be specified for a loading capacitance 
(Cl) which does not exceed approximately 20 pF when used 
at the highest operating frequency of 15 MHz. Assuming 
R1 = i2, the shunt load capacitance (Cl) presented across 
the crystal can be estimated to be: 

Cl = — — -— + Ca + Cstray + ~r\ — ri 
C|n+Cout Cl + C2 

where 

Cjn =5 pF (see Figure 19) 

Cout =6 pF (see Figure 19) 

Ca = 1 pE (see Figure 19) 

Cl and C2 =external capacitors (see Figure 18) 

Cstray =the total equivalent external circuit stray capaci- 
tance appearing across the crystal terminals 

The oscillator can be "trimmed" on-f requency by making a 
portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the REFjn 
and REFout P'^s to minimize distortion, stray capacitance, 
stray Inductance, and startup stabilization time. Circuit stray 
capacitance can also be handled by adding the appropriate 
stray value to the values for Cjn and Cout- For this approach, 
the term Cstray becomes In the above expression for Cl- 

Power Is dissipated In the effective series resistance of the 
crystal. Re, In Figure 20. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency R1 In Figure 18 limits the drive 
level. The use of R1 is not necessary In most cases. 
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To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (f r) at OUTPUT A as a function of supply voltage. 
(REFout is not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc supply 
voltage is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or R1 
must be Increased in value if the overdriven condition exists. 
The user should note that the oscillator start-up time is 
proportional to the value of R1. 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 4). 
RECOMMENDED READING 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, "The Piezoelectric Crystal Unit-Definitions and 
Method of Measurement", Proc. IEEE, Vol. 57, No. 2, Feb. 
1969. 

D. Kemper, L. Rosine, "Quartz Crystals for Frequency 
Control", Electro-Technology, June 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May 1966. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7, 1985. 

D. Babin, "Guidelines for Crystal Oscillator Design", 
Machine Design, April 25, 1985. 



I 



{> 



FREQUENcTI 
SYNTHESIZER , 



REFin 



Rf 
AAAr- 



REFout 



J 



7^ ^ C2 



*May be needed in certain cases. See text. 
Figure 18. Pierce Crystal Oscillator Circuit 



REFin o , 1 -^— 1 r 



-o REFout 



T '"I n I 

_L II 

Cstray 



^out 



Figure 19. Parasitic Capacitances of the Amplifier 
and Cstray 



1 n 2 

iQl = 




Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 20. Equivalent Crystal Networks 



Table 4. Partial List of Crystal Manufacturers 



Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 
Fox Electronics 


3605 McCart Ave., Ft. Worth, TX 76110 

2371 Crystal Dr., Ft. Myers, FL 33907 

512 N. Main St., Orange. CA 92668 

5570 Enterprise Parkway, Ft. Myers, FL 33905 


(817)921-3013 
(813)936-2109 
(714)639-7810 
(813)693-0099 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this is a 
complete listing of crystal manufacturers. 
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PHASE-LOCKED LOOP— LOW PASS FILTER DESIGN 



(A) PDout f VCO con= \f^^^ 

T 



R.|/ KdtKvcoC _ (OpRC 
2 K N "2 



Z(s) = 



1+sRC 
sC 



NOTE: 

For (A), using Ka in amps per radian with the filter's impedance transfer function, Z(s), maintains units of volts per radian for the 
detector/filter combination. Additional sideband filtering can be accomplished by adding a capacitor C across R. The corner coq = 1 /RC 
should be chosen such that cop is not significantly affected. 




(On = 



1 / K4,Kvco 
Y NCRi 



VCO conRaC 



2 
ASSUMING GAIN A IS VERY LARGE, THEN: 
RpsO + 1 

NOTE: 

For (B), Ri is frequently split into two series resistors; each resistor is equal to R-| divided by 2. A capacitor Cc is then placed from 
the midpoint to ground to further filter the error pulses. The value of Cc should be such that the corner frequency of this network does 
not significantly affect con- 

DEFINITIONS: 
N = Total Division Ratio In Feedback Loop 
K(j) (Phase Detector Gain) = IpDout^^Tt amps per radian for PDout 
K(j, (Phase Detector Gain) = VpD/27i volts per radian for ^y and (t)R 

27cAfvco 
Kvco (VCO Transfer Function) = .^ radians per volt 

For a nominal design starting point, the user might consider a damping factor C=0.7 and a natural loop frequency cop = (27tf r/50) 
where fR is the frequency at the phase detector Input. Larger con values result in faster loop lock times and, for similar sideband 
filtering, higher fR-related VCO sidebands. 

Either loop filter (A) or (B) is frequently followed by additional sideband filtering to further attenuate fR-related VCO sidebands. 
This additional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lntersclence, 1979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1980. 
Blanchard, Alain, Phase-Locl(ed Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William F., Frequency Synthesis by Phase Lock. New York, Wiley-lntersclence, 1 981 . 
Rohde, Ulrlch L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 

Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 
AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from 
Electronic Design, 1 987. 
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^ UHF OUTPUT 



BUFFER 



NOTES: 

1 . When used, the (t)R and (^\/ outputs are fed to an external combiner/loop filter. See the Phase-Locked 
Loop — Low-Pass Filter Design page for additional information. 

2. TransistorQI is required only if the standby feature is needed. Qlpermitsthebipolarsectionof the device 
to be shut down via use of the general-purpose digital pin , OUTPUT B. If the standby feature Is not needed , 
tie pin 12 directly to the power supply. 

3. For optimum performance, bypass the Vqc. Vdq, and Vpp pinstoGND with low-inductance capacitors. 

4. The R counter is programmed for a divide value = REFjn/fR. Typically, fp is the tuning resolution required 
for the VCO. Also, the VCO frequency divided by f r = Nj = N x 64 + A; this determines the values (N, A) 
that must be programmed into the N and A counters, respectively. 

Figure 21. Example Application 
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Figure 22. Cascading Two Devices 
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m V V 

O C REGISTER BITS OF DEVICE #2 C REGISTER BITS OF DEVICE #1 

m IN FIGURE 22 IN FIGURE 22 

O 

^ *At this point, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing the C Registers of Two Cascaded Devices 



™n r 



A REGISTER BITS OF DEVICE #2 A REGISTER BITS OF DEVICE #1 

IN FIGURE 22 IN FIGURE 22 



<o *At this point, the new bytes are transferred to the A registers of both devices and stored. Additionally, for both devices, the 13 LSBs in each of the first buffers of the R registers are 

? transferred to the respective R register's second buffer. Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of each R register is not affected. 

S Neither C register is affected. 

O 

lo g Figure 24. Accessing the A Registers of Two Cascaded Devices 
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NOTES APPLICABLE TO EACH DEVICE: 

1 . At this point, bits R13, R14, and R15 are stored and sent to the "OSC or 4-Stage Divider" block in the Block Diagram. Bits RO through R12 are loaded into the first buffer in the double- 
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The C and A registers are not affected. 

2. At this point, the bits RO through R 12ar e transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. CLK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an alternate method of loading the second buffer in the R register. The C and A registers 

are not affected. The first buffer of the R register is not affected. 



Figure 25. Accessing tlie R Registers of Two Cascaded Devices 
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Advance Information 

Low-Voltage 1.1 GHz 

PLL Frequency Synthesizer 

Includes On-Board 64/65 Prescaler 

The MC1 451 92 is a low-voltage single-package synthesizer with serial interface 
capable of direct usage up to 1 .1 GHz. A special architecture makes this PLL very 
easy to program because a byte-oriented format is utilized. Due to the patented 
BitGrabber™ registers, no address/steering bits are required for random access 
of the three registers. Tuning can be accomplished via a 3-byte serial transfer to 
the 24-bit A register. The interface is both SPI and MICROWIRE™ compatible. 

The device features a single-ended current source/sink phase detector A output 
and a double-ended phase detector B output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output is determined by an external resistor tied from the Rx pin 
to ground. This current can be varied via the serial port. 

The MC1 451 92 phase/frequency detector B (})r and ^y outputs can be powered 
from 2.7 to 5.5 V. This is optimized for 3-V systems. The phase/frequency detector 
A PDout output must be powered from 4.5 to 5.5 V, and is optimized for a 5-V supply. 

This part includes a differential RF input which may be operated in a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program- 
mable. The C register (configuration register) allows the part to be configured to 
meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

In order to have consistent lock times and prevent erroneous data from being 
loaded into the counters, on-board circuitry synchronizes the update of the A 
register if the A or N counters are loading. Similarly, an update of the R register is 
synchronized if the R counter is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 

• Maximum Operating Frequency: 1100 MHz @ Vjn = 200 mVp-p 

• Operating Supply Current: 6 mA Nominal at 2.7 V 

• Operating Supply Voltage Range (Vdd and VcQ Pins): 2.7 to 5.0 V 

• Operating Supply Voltage Range of Phase Freq. Detector A (Vpp Pin): 4.5 to 5.5 V 

• Operating Supply Voltage Range of Phase Detector B (Vpp Pin): 2.7 to 5.5 V 

• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 

• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 

• Operating Temperature Range: -40 to +85°C 

• R Counter Division Range: 5 to 8191 Plus Direct Access to Phase Detector Input 

• Dual-Modulus Capability Provides Total Division up to 262,143 

• High-Speed Serial Interface: 2 Mbps 

• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 

• Two General-Purpose Digital Outputs — OUTPUT A: Totem-Pole (Push-Pull) 

with Four Output Modes 
OUTPUT B: Open-Drain 

• Patented Power-Saving Standby Feature with Orderly Recovery for Minimizing 

Lock Times, Standby Current: 50 |j.A 
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F SUFFIX 

SOG 
CASE 751J 



ORDERING INFORMATION 

MC145192F SOG Package 



PIN ASSIGNMENT 


REFout [ 1 • 


20 


] REFin 


LD[ 2 


19 ] Din 1 


<t>R[ 


3 


18 


]CLK 


<^y[ 


4 


17 


]ENB 


Vpd[ 5 


16 


] OUTPUT A 


PDout [ 6 


15 


] OUTPUT B 


GND[ 


7 


14 


]vdd 


Rx[ 8 


13 ] TEST 2 


TEST1 [ 9 


12 ] Vcc 


^[10 


11 ]fin 








1 



This document contains information on a new product. Specifications and Information herein are subject to change without notice. 
BitGrabber is a trademark of Motorola Inc. MICROWIRE is a trademark of National Semiconductor Corp. 
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BLOCK DIAGRAM 



Data Out 



REFin 



REFout 



20 



OSCOR 

4-STAGE 

DIVIDER 

(CONFIGURABLE) 



CLK ■ 



ENB ■ 



l> 



13-STAGER COUNTER 



SHIFT 
REGISTER 

AND 
CONTROL 

LOGIC 



INTERNAL 
CONTROL 



DOUBLE-BUFFERED 

BItGrabber™ R REGISTER 

16 BITS 



BitGrabber™ C REGISTER 
8 BITS 



STANDBY 
LOGIC 



POR 



BitGrabber" A REGISTER 
24 BITS 



/' 



6-STAGE 
A COUNTER 




64/65 
PRESCALER 



JR^ 



PORT , 



12-STAGE 
N COUNTER 



SUPPLY CONNECTIONS: 
PIN 1 2 = Vcc (V+ TO INPUT AMP AND 64/65 PRESCALER) 
PIN 5 = VpD (V+ TO PHASE/FREQUENCY DETECTORS A AND B) 
PIN 14 = Vdd (V+ to balance OF CIRCUIT) 
PIN 7 = GND (COMMON GROUND) 



SELECT 
LOGIC 



• OUTPUT A 



LOCK DETECTOR 
AND CONTROL 



■ LD 



Rx 



PHASE/FREQUENCY 
DETECTOR A AND CONTROL 



•PD, 



'out 



PHASE/FREQUENCY "^ ^R 

DETECTOR B AND CONTROL X- '^y 



D> 



OUTPUTS 

(OPEN-DRAIN 

OUTPUT) 



MODULUS 

CONTROL 

LOGIC 



TEST 2 



-► TEST 1 



MAXIMUM RATINGS* (Voltages Referenced to GND, unless othen/vise stated) 



Symbol 


Parameter 


Value 


Unit 


Vcc Vdd 


DC Supply Voltage (Pins 1 2 and 1 4) 


-0.5 to -H 6.0 


V 


VpD 


DC Supply Voltage (Pin 5) 


Vdd -0.5 to +6.0 


V 


Vin 


DC Input Voltage 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage (except OUTPUT B, PDout- <1>R. 4>v) 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage (OUTPUT B, PDout, ^R, <^y) 


-0.5toVpD+0.5 


V 


l|n. IPD 


DC Input Current, per Pin (Includes Vpp) 


±10 


mA 


'out 


DC Output Current, per Pin 


±20 


mA 


'dd 


DC Supply Current, Vdd and GND Pins 


±30 


mA 


pd 


Power Dissipation, per Package 


300 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


°C 


Tl 


Lead Temperature, 1 mm from Case for 1 seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits in the Electrical Characteristics tables or 
Pin Descriptions section. 



This device contains protection cir- 
cuitry to guard against damage due to 
high static voltages or electric fields. 
However, precautions must be taken to 
avoid applications of any voltage high- 
er than maximum rated voltages to this 
high-impedance circuit. 
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ELECTRICAL CHARACTERISTICS 

(Vdd = Vcc = 2.7 to 5.0 V, Voltages Referenced to GND, T^ = -40 to +85°C, unless otherwise stated; 

Phase/Frequency Detector A VpD = 4.5 to 5.5 V with Vpo ^ Vpo; Phase/Frequency Detector B Vpp = 2.7 to 5.5 V with Vqd ^ VpQ. 



Symbol 


Parameter 


Test Condition 


Guaranteed 
Limit 


Unit 


V|L 


Maximum Low-Level Input Voltage 
(Din. CLK. ENB. REFjn) 


Device in Reference Mode 


0.2 X Vdd 


V 


V|H 


Minimum High-Level Input Voltage 
(Din, CLK, ENB, REFin) 


Device in Reference Mode 


0.8 X Vdd 


V 


VHys 


Minimum Hysteresis Voltage (CLK, ENB) 


Vdd = 2.7 V 

Vdd = 5.0 V 


100 
300 


mV 


Vol 


Maximum Low-Level Output Voltage 
(REFout. OUTPUT A) 


lout = 20 ^lA, Device in Reference Mode 


0.1 


V 


VOH 


Minimum High-Level Output Voltage 
(REFout, OUTPUT A) 


lout = -20 ^lA, Device in Reference Mode 


Vdd -0.1 


V 


"OL 


Minimum Low-Level Output Current 
(REFout. LD) 


Vout = 0.4V 


0.25 


mA 


lOL 


Minimum Low-Level Output Current 
(I'R, ^V) 


Vout = 0.4V 
VDD.VpD = 2.7V 


0.36 


mA 


lOL 


Minimum Low-Level Output Current 
(OUTPUT A) 


Vout = 0.4V 


0.6 


mA 


lOL 


Minimum Low-Level Output Current 
(OUTPUT B) 


Vout = 0.4V 


1.0 


mA 


'oh 


Minimum High-Level Output Current 
(REFout. LD) 


Vout = Vdd -0.4 V 


-0.25 


mA 


'oh 


Minimum High-Level Output Current 
(^R. 4)V) 


Vout = VpD-0.4V 
Vdd. VpD = 2.7 V 


-0.36 


mA 


lOH 


Minimum High-Level Output Current 
(OUTPUT A Only) 


Vout = Vdd -0.4 V 


-0.35 


mA 


lin 


Maximum Input Leakage Current 
(Din, CLK, ENB, REFin) 


Vjn = Vdd or GND, Device in XTAL Mode 


±1.0 


^A 


lin 


Maximum Input Current 
(REFin) 


Vin = Vdd or GND, Device in Reference Mode 


±150 


^A 


loz 


Maximum Output Leakage Current (PDout) 
(OUTPUT B) 


Vout = VpD - 0.5 V or 0.5 V, 
Output in High-Impedance State 


±200 


nA 


Vout = VpD or GND 

Output in High-Impedance State 


±10 


^A 


'STBY 


Maximum Standby Supply Current 
(Vdd + VpD Pins) 


Vin = Vdd or GND; Outputs Open; Device in Standby Mode, 
Shut-Down Crystal Mode or REFourStatic-Low Reference 
Mode; OUTPUT B Controlling Vqc per Figure 21 


50 


^A 


IPD 


Maximum Phase Detector 
Quiescent Current (Vpp Pin) 


Bit C6 = High Which Selects Phase Detector A, 

PDout = Open, PDout = Static Low or High, Bit C4 = Low 

Which is /70f Standby, Irx = 113 ^A, Vpo = 5.5 V 


600 


^A 


Bit C6 = Low Which Selects Phase Detector B, (|)r and 
(j)V = Open, (t)R and (t)v = Static Low or High, Bit 
C4 = Low Which is nof Standby 


30 


"T 


Total Operating Supply Current 
(Vdd + VpD + Vqc Pins) 


fin = 1.1 GHz; REFin = 13 MHz @ 1 Vp-p; 

OUTPUT A = Inactive and No Connect; Vdd = Vqc- 

REFout. '^V. <t>R. PDout. LD = No Connect; 

Din, ENB, CLK = Vdd or GND, Phase Detector B Selected 

(Bit C6 = Low) 


* 


mA 



* The nominal values are: 

6 mA at Vdd = 2.7 V and VpD = 2.7 V 
9 mA at Vdd = 5.0 V and VpD = 5.5 V 
These are not guaranteed limits. 
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ANALOG CHARACTERISTICS— CURRENT SOURCE/SINK OUTPUT— PDout 

(lout ^ 2 mA, Vdd = Vcc = 2-7 to 5.0 V, Voltages Referenced to GND, Vpo = Vcc ^ Vpo) 



Parameter 


Test Condition 


VPD 


Guaranteed 
Limit 


Unit 


Maximum Source Current Variation (Part-to-Part) 


Vout = 0.5xVpD 


4.5 


±20 


% 


5.5 


±20 


Maximum Sink-vs-Source Mismatch (Note 3) 


Vout = 0.5xVpD 


4.5 


12 


% 


5.5 


12 


Output Voltage Range (Note 3) 


lout variation < 20% 


4.5 


0.5 to 4.0 


V 


5.5 


0.5 to 5.0 



NOTES: 

1 . Percentages calculated using the following formula: (Maximum Value - Minimum Value) /Maximum Value. 

2. See Rx Pin Description for external resistor values. 

3. This parameter is guaranteed for a given temperature within -40 to +85°C. 



AC INTERFACE CHARACTERISTICS 

(Vdd = Vcc = 2.7 to 5.0 V, Ta = - 40 to +85°C, Cl = 50 pF, Input tp = tf = 10 ns; Vrd = 2.7 to 5.5 V with Vdd ^ Vrd) 



Symbol 


Parameter 


Figure # 


Guaranteed 
Limit 


Unit 


folk 


Serial Data Clock Frequency (Note: Refer to Clock tw below) 


1 


dc to 2.0 


MHz 


tPLH. tpHL 


Maximum Propagation Delay, CLK to OUTPUT A (Selected as Data Out) 


1,5 


200 


ns 


tPLH. tpHL 


Maximum Propagation Delay, ENB to OUTPUT A (Selected as Port) 


2,5 


200 


ns 


tpZL. tpLZ 


Maximum Propagation Delay, ENB to OUTPUT B 


2,6 


200 


ns 


tTLH. tTHL 


Maximum Output Transition Time, OUTPUT A and OUTPUT B; trHLonly, on OUTPUT B 


1,5,6 


200 


ns 


Cin 


Maximum Input Capacitance - Djn, ENB, CLK, 




10 


pF 



TIMING REQUIREMENTS 

(Vdd = Vcc = 2.7 to 5.0 V, Ta = -40 to +85°C, Input tf = tf = 10 ns unless othenwise indicated) 



Symbol 


Parameter 


Figure # 


Guaranteed 
Limit 


Unit 


tsu. th 


Minimum Setup and Hold Times, Djn vs CLK 


3 


50 


ns 


tsu'th.*rec 


Minimum Setup, Hold and Recovery Times, ENB vs CLK 


4 


100 


ns 


tw 


Minimum Pulse Width, ENB 


4 


•k 


cycles 


tw 


Minimum Pulse Width, CLK 


1 


125 


ns 


tr.tf 


Maximum Input Rise and Fall Times, CLK 


1 


100 


^ls 



*The minimum limit is 3 REFjn cycles or 195 fjn cycles, whichever is greater. 
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SWITCHING WAVEFORMS 



OUTPUT A 




(DATA OUT) ^g^;^ 



ENB 



OUTPUT A 



OUTPUT B 



50% 



J 



— tPLH tPHL- 

-$$ $^ 



50% 
tpLZ tPZL- 

6S $$- 



■Vdd 

•GND 



\. 



/ 10% 

Figure 2, 



50% 



CLK 



VALID 



) (^ ) ( 



/ 



50% 



Figure 3. 



•Vdd 

-GND 

•Vdd 

GND 




Figure 4. 
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*lncludes all probe and fixture capacitance. 
Figures. Test Circuit 



+VPD 





TEST POINT 
o 


DEVICE 
UNDER 
TEST 




7.5 k 

i .AAA 


z 


= Cl* 



*lncludes all probe and fixture capacitance. 
Figure 6. Test Circuit 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC145192 
2-655 



LOOP SPECIFICATIONS (Vpo = Vqc = 2.7 to 5.0 V unless otherwise indicated, Ta = -40 to +85°C) 



Symbol 


Parameter 


Test Condition 


Fig# 


Guaranteed 

Operating 

Range 


Unit 


Min 


Max 


Vin 


Input Voltage Range, f jn 


100MHz<fin<250MHz 
250 MHz < fin < 1100 MHz 


7 


400 
200 


1500 
1500 


mVp-p 


fref 


Input Frequency, REFjn Externally Driven in 
Reference Mode 


Vjn = 400 mVp-p, R Counter set to divide 
ratio such that fp < 1 MHz, REF Counter set 
to divide ratio such that REFout ^ 5 MHz 

Vdd = 2.7V 

Vdd = 3.0V 

Vdd = 3.5V 

Vdd = 4.5 to 5 V 


8 


1 

4.5 
5.5 
12 


20 
20 
20 
27 


MHz 


Vjn = 1 Vp-p, R Counter set to divide ratio 
such that fp < 1 MHz, REF Counter set to 
divide ratio such that REFout ^ 5 MHz 

Vdd = 2.7 V 

Vdd = 3.0 V 
Vdd = 3.5 V 

Vdd = 4.5 to 5 V 


8 


1 
1.5 

2 
4.5 


20 
20 
20 
27 


MHz 


^XTAL 


Crystal Frequency, Crystal Mode 


CI < 30 pF, C2 < 30 pF, Includes Stray 
Capacitance; R Counter and REF Counter 
same as above 


9 


2 


10 


MHz 


^out 


Output Frequency, REFout 


Cl = 30 pF 


10, 
12 


dc 


5 


MHz 


f 


Operating Frequency of the Phase Detectors 






dc 


1 


MHz 


tw 


Output Pulse Width ((t)R, ^y, and LD) 


fp in Phase with fy, Cl = 50 pF, 
VpD = 2.7 V. Vdd = Vqc = 2.7 V 


11,12 


20 


140 


ns 


tTLH. 
tTHL 


Output Transition Times (LD, <^\/, and (t)R) 


CL = 50pF,VpD = 2.7V, 

Vdd = Vqc = 2.7 V 


11,12 


— 


80 


ns 


Cin 


Input Capacitance, REFjn 






— 


5 


pF 
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SINE WAVE 
GENERATOR 



1000 pF 

_L ! ' 1000 pF 



*Characteristic Impedance 



fin OUTPUT A 



DEVICE 
r- UNDER 



TEST 
Vcc GNDVdd 



lijfl 



TEST 
POINT 



(M 



Figure 7. Test Circuit 
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REFjn OUTPUT A 

DEVICE UNDER 
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REFout 

Vcc GND Vdd 
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TEST 
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(fR) 



V+ 



ru 



Figure 9. Test Circuit-Crystal IVIode 



OUTPUT 50% 




Figure 11. Switching Waveform 



SINE WAVE 
GENERATOR 




REFjn OUTPUT A 

DEVICE 
UNDER 
TEST 

REFout 
Vcc GND VpD 



^, 



HhHH- 



(fR) 



TEST 
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POINT 



Figure 8. Test Circuit-Reference IVIode 
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Figure 10. Switching Waveform 
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*lncludes all probe and 
fixture capacitance. 



Figure 12. Test Circuit 



PIN DESCRIPTIONS 
DIGITAL INTERFACE PINS 

Din 

Serial Data Input (Pin 19) 

The bit stream begins with the nnost significant bit (MSB) 
and is shifted in on the low-to-high transition of CLK. The bit 
pattern is 1 byte (8 bits) long to access the or configuration 
register, 2 bytes (1 6 bits) to access the first buffer of the R reg- 
ister, or 3 bytes (24 bits) to access the A register (see Table 1 ). 
The values in the 0, R, and A registers do not change during 
shifting b ecaus e the transfer of data to the registers is con- 
trolled by ENB. 

CAUTION 

The value programmed for the N counter must be 
greater than or equal to the value of the A counter. 

The 1 3 least significant bits (LSBs) of the R register are dou- 
ble-buffered. As indicated above, data is latched into the first 
buffer on a 16-bit transfer. (The 3 MSBs are not double-buf- 
fered and have an immediate effect after a 1 6-bit transfer.) The 
second buffer of the R register contains the 13 bits for the R 
counter. This second buffer is loaded with the contents of the 
first buffer when the A register is loaded (a 24-bit transfer). 
This allows presenting new values to the R, A, and N counters 
simultaneously. If this is n ot req uired, then the 1 6-bit transfer 
may be followed by pulsing ENB low with no signal on the CLK 
pin. This is an alternate method of transferring data to the sec- 
ond buffer of the R register (see Figure 16). 



The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in the 
stream are available to be data for the three registers. Ran- 
dom access of any register Is provided (i.e., the registers may 
be accessed In any sequence). Data is retained in the regis- 
ters over a supply range of 2.7 to 5.0 V. The formats are shown 
in Figures 13, 15, and 16. 

Djn typically switches near 50% of Vdd to maximize noise 
Immunity. This input can be directly interfaced to CMOS de- 
vices with outputs guaranteed to switch near rail-to-rail. When 
Interfacing to NMOS or TTL devices, either a level shifter 
(MC74HC1 4A, MCI 4504B) or pull-up resistor of 1 kQ to 1 kQ 
must be used. Parameters to consider when sizing the resistor 
are worst-case Iql o^ the driving device, maximum tolerable 
power consumption, and maximum data rate. 

Table 1 . Register Access 

(MSBs are shifted in first; CO, RO, and AO are the LSBs) 



Number 
of Clocks 


Accessed 
Register 


Bit 
Nomenclature 


8 

16 

24 

Other Values < 32 

Values > 32 


C Register 
R Register 
A Register 
Not Allowed 
See Figures 
22-25 


C7, C6, C5 CO 

R15, R14, R13 RO 

A23, A22, A21 AO 
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CLK 

Serial Data Clock Input (Pin 18) 

Low-to-high transitions on CLK shift bits available at the Djn 
pin, while high-to-low transitions shift bits from OUTPUT A 
(when configured as Data Out, see Pin 16). The 24-1/2-stage 
shift register is static, allowing clock rates down to dc in a 
continuous or intermittent mode. 

Eight clock cycles are required to access the register. 
Sixteen clock cycles are needed for the first buffer of the R 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 1 3, 1 5, and 1 6. The number of clocks 
required for cascaded devices Is shown in Figures 23 through 
25. 

CLK typically switches near 50% of Vdd and has a 
Schmltt-triggered input buffer. Slow CLK rise and fall times 
are allowed. See the last paragraph of Djn for more 
Information. 

CAUTION 

To guarantee proper operation of the Power-On 
Reset (POR) circuit, the CLK pin must notbe floating 
or toggled during power up. It Is prefereable to hold 
the CLK pin low during power up. 

ENB 

Active Low Enable Input (Pin 17) 

This pin is used to activate the serial interface to allow the 
transfer of data to/from the device. When ENB is in an inactive 
high state, shifting is inhibited and the port is held in the 
Initialized state. To transfer data to the device, ENB (which 
must start inactive hi gh) is taken low, a serial transfer is made 
via Djn and C LK, a nd ENB is taken back high. The low-to-high 
transition on ENB transfers data to the C or A registers and 
first buffer of the R register, depending on the data stream 
length per Table 1^ 

Transitions on ENB must not be attempted while CLK is 
high. This puts the device out of synchronizati on w ith the 
microcontroller. Resynchronization occurs when ENB is high 
and CLK is low. 

This input is also Schmitt-triggered and switches near 50% 
of Vdd» thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of D'm for more 
information. 

CAUTION 

ENB must not be floa ted or toggled during power up. 
It is preferable to hold ENB at the potential of the VpD 
pin during power up to guarantee proper operation of 
the POR circuit. 

OUTPUT A 

Configurable Digital Output (Pin 16) 

OUTPUT A Is selectable as fp, fv, Data Out, or Port. Bits 
A22 and A23 In the A register control the selection; see Figure 
15. 

If A23 = A22 = high, OUTPUT A Is configured as fp. This 
signal is the buffered output of the 13-stage R counter. The 
fp signal appears as normally low and pulses high. The fp 
signal can be used to verify the divide ratio of the R counter. 
This ratio extends from 5 to 8191 and is determined by the 
binary value loaded into bits R0-R12 in the R register. Also, 
direct access to the phase detectors via the REFjn pin is 
allowed by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate is 
1 MHz. Therefore, the frequency of fp should not exceed 
1 MHz. 



If A23 = high and A22 = low, OUTPUT A is configured as 
fV- This signal is the buffered output of the 1 2-stage N counter. 
The fv signal appears as normally low and pulses high. The 
fv signal can be used to verify the operation of the prescaler, 
A counter, and N counter. The divide ratio between the f jp input 
and the fv signal is N x 64 + A. N is the divide ratio of the N 
counter and A is the divide ratio of the A counter. These ratios 
are determined by bits loaded Into the A register. See 
Figure 15. The maximum frequency at which the phase 
detectors operate is 1 MHz. Therefore, the frequency of fv 
should not exceed 1 MHz. 

If A23 = low and A22 = high, OUTPUT A is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream is shifted out on the high-to-low 
transition of the CLK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (CI) of the C register is low, and high when the Port bit 
is high. 

OUTPUT B 

Open-Drain Digital Output (Pin 15) 

This signal is a general-purpose digital output which may 
be used as an MCU port expander. This signal is low when 
the Out B bit (CO) of the C register is low. When the Out B 
bit is high, OUTPUT B assumes the high-impedance state. 
OUTPUT B may be pulled up through an external resistor or 
active circuitry to any voltage less than or equal to the potential 
of the VpD pin. Note: the maximum voltage allowed on the 
VpD pin is 5.5 V for the MCI 451 92. 

Upon power-up, power-on reset circuitry forces OUTPUT 
B to a low level. 
REFERENCE PINS 

REFjn and REFout 

Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode or the reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 16. 

In crystal mode, these pins form a reference oscillator when 
connected to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate values, as 
recommended by the crystal supplier, are connected from 
each of the two pins to ground (up to a maximum of 30 pF 
each, including stray capacitance). An external resistor of 
1 MQ to 1 5 MQ is connected directly across the pins to ensure 
linear operation of the amplifier. The device is designed to 
operate with crystals up to 10 MHz; the required connections 
are shown in Figure 9. To turn on the oscillator, bits R1 5, R1 4, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, if bits 
R15 to R13 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 1 6) and can be engaged whether in standby 
or not. 
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With the reference mode, the REFout P'l^ 's configured as 
the output of a divider. As an example, if bits R15, R14, and 
R13 have an octal value of seven, the frequency at REFout 'S 
the REFjn frequency divided by 16. In addition, Figure 16 
shows how to obtain ratios of eight, four, and two. A ratio of 
one-to-one can be obtained with an octal value of three. Upon 
power up, a ratio of eight is automatically initialized. The maxi- 
mum frequency capability of the REFout P*'" 's 5 MHz for Vdd 
to Vss swing. Therefore, for REFjp frequencies above 5 MHz, 
the one-to-one ratio may not be used for large signal swing re- 
quirements. Likewise, for REFjn frequencies above 10 MHz, 
the ratio must be more than two. 

If REFout 's unused, an octal value of two should be used for 
R15, R14, and R13 and the REFout P'" should be floated. 
A value of two allows REFjn to be functional while disabling 
REFout. which minimizes dynamic power consumption and 
electromagnetic interference (EMI). 
LOOP PINS 
fin and fu^ 
Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 pres- 
caler. These inputs may be fed differentially However, they 
are usually used in a single-ended configuration (shown in 
Figure 7). Note that f jn is driven while f|n must be tied to ground 
via a capacitor. 

Motorola does not recommend driving fjn while terminating 
f jn because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown in the Loop 
Specifications table. 

PDout 

Single-Ended Phase/Frequency Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as a 
loop error signal when combined with an external low-pass fil- 
ter. The phase/frequency detector is characterized by a linear 
transfer function. The operation of the phase/frequency detec- 
tor is described below and is shown in Figure 17. 
POL bit (C7) in the C register = low (see Figure 13) 
Frequency of fv > fR or Phase of fv Leading fp: current- 
sinking pulses from high impedance 
Frequency of fv < fR or Phase of fy Lagging fR: current- 

sourcing pulses from high impedance 
Frequency and Phase of fy = fR: essentially high-impe- 
dance state; voltage at pin determined by loop filter 
POL bit (07) = high 
Frequency of fv > fR or Phase of fv Leading fR: current- 

sourcing pulses from high impedance 
Frequency of fv < ^R or Phase of fv Lagging f r: current-sink- 
ing pulses from high impedance 
Frequency and Phase of fv = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and inverted via the 
C register. If desired, PDout can be forced to the high- 
impedance state by utilization of the disable feature in the 
register (bit 06). This is a patented feature. Similarly, PDout 's 
forced to the high-impedance state when the device is put into 
standby (STBY bit 04 = high). 

The PDout circuit is powered by Vrq. The phase detector 
gain Is controllable by bits 03, 02, and 01 : gain (in amps per 
radian) = PDout current divided by 2n. 



(t)R and (|>v (Pins 3 and 4) 

Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate a 
loop error signal. Through use of a Motorola patented tech- 
nique, the detector's dead zone has been eliminated. 
Therefore, the phase/frequency detector is characterized by 
a linear transfer function. The operation of the phase/frequen- 
cy detector is described below and is shown in Figure 17. 
POL bit (07) in the register = low (see Figure 13) 
Frequency of fv>fRorPhaseoffvLeadingfR:(l)v=negative 

pulses, (|)R = essentially high 
Frequency of fv < f R or Phase of fv Lagging f r: (j)v = essen- 
tially high, <j)R = negative pulses 
Frequency and Phase of fv = fR: ^y and (j)r remain essen- 
tially high, except for a small minimum time period when 
both pulse low in phase 
POL bit (07) = high 
Frequency of fv>fRorPhase of fvLeadingfR:(j)R=negative 

pulses, (j)v = essentially high 
Frequency of fv < f R or Phase of fv Lagging f r: (1)r = essen- 
tially high, (t)v = negative pulses 
Frequency and Phase of fv = f r: <j)V ^^d (j)r remain essen- 
tially high, except for a small minimum time period when 
both pulse low in phase 
These outputs can be enabled, disabled, and interchanged 
via register bits 06 or 04. This is a patented feature. Note 
that when disabled or in standby, ())r and ^y are forced to their 
rest condition (high state). 

The (1)R and ^y output signal swing is approximately from 
GND to VpD- 

LD 

Lock Detector Output (Pin 2) 

This output Is essentially at a high level with narrow low- 
going pulses when the loop is locked (f r and fv of the same 
phase and frequency). The output pulses low when fv and fR 
are out of phase or different frequencies. LD Is the logical 
ANDing of (t)R and ^y (see Figure 17). 

This output can be enabled and disabled via the register. 
This is a patented feature. Upon power up, on-chip initializa- 
tion circuitry disables LD to a static low logic level to prevent 
a false "lock" signal. If unused, LD should be disabled and left 
open. 

The LD output signal swing is approximately from GND to 

Vdd. 

Rx 

External Resistor (Pin 8) 

A resistortied between this pin and GND, in conjunction with 
bits In the register, determines the amount of current that the 
PDout pin sinks and sources. When bits 02 and 03 are both 
set high, the maximum current is obtained at PDout; see Tables 
2 and 3 for other current values. To achieve a maximum cur- 
rent of 2 mA, the resistor should be about 1 8 kQ when Vrd is 
5 V. See Figure 14 if lower maximum current values are de- 
sired. 

When the (])r and ^y outputs are used, the Rx pin may be 
floated. 
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TEST POINT PINS 

TEST1 

Modulus Control Signal (Pin 9) 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. 

CAUTION 

This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 

Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output. 

CAUTION 

This pin is an unbuffered output and must be floated 
in an actual application. This pin must be attached to 
an Isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

power supply pins 
Vdd 

Positive Power Supply (Pin 14) 

This pin supplies power to the main CMOS digital portion 



of the device. The voltage range is +2.7 to +5.0 V with respect 
to the GND pin. 

Foroptimum performance, Vdd should be bypassed to GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

vcc 

Positive Power Supply (Pin 12) 

This pin supplies power to the RF amp and 64/65 prescaler. 
The voltage range is +2.7 to +5.0 V with respect to the GND 
pin. In standby mode, the Vqc pin still draws a few milliamps 
from the power supply. This current drain can be eliminated 
with the use of transistor 01 as shown in Figure 21. 

Foroptimum performance, VcQ should be bypassed to GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

VPD 

Positive Power Supply (Pin 5) 

This pin supplies power to both phase/frequency detectors 
A and B. The voltage applied on this pin must be no less than 
the potential applied to the Vdd pin. The voltage range for Vrd 
is 4.5 to 5.5 V with respect to the GND pin when using PDquT 
and 2.7 to 5.5 V when using (t)R, ^y outputs. 

Foroptimum performance, VpD should be bypassed to GND 
using a low-inductance capacitor mounted very close to these 
pins. Lead lengths on the capacitor should be minimized. 

GND 

Ground (Pin 7) 

Common ground. 
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ENB 



1 



CLK 



R^^K^"^1^R 



MSB 



LSB 



C7 H C6 H C5 H C4 H C3 H C2 C1 



*At this point, the new byte is transferred to the C register and stored. No other registers are affected. 



C7 — POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts PDout 
and interchanges the ({)r function with (^y as depicted in Figure 17. Also see the phase detector output 
pin descriptions for more information. This bit is cleared low at power up. 

C6 — PDA/B: Selects which phase/frequency detector is to be used. When set high, enables the output of phase/fre- 
quency detector A (PDout) ^^^ disables phase/frequency detector B by forcing (j)r and (^y to the static 
high state. When cleared low, phase/frequency detector B is enabled ((t)R and (^y) and phase/frequency 
detector A is disabled with PDout forced to the high-Impedance state. This bit is cleared low at power 
up. 

C5 — LDE: Enables the lock detector output when set high. When the bit is cleared low, the LD output is forced 
to a static low level. This bit is cleared low at power up. 

C4 — STBY: When set, places the CMOS section of device, which is powered by the Vqd and Vpo pins, in the 
standby mode for reduced power consumption: PDout 's forced to the high-impedance state, (|)r and 
(^y are forced high, the A, N, and R counters are inhibited from counting, and the Rx current is shut 
off. In standby, the state of LD is determined by bit C5. C5 low forces LD low (no change). 05 high 
forces LD static high. During standby, data Is retained in the A, R, and C registers. The condition 
of REF/OSC circuitry is determined by the control bits in the R register: R13, R14, and R15. However, 
if REFout = static low is selected, the Internal feedback resistor is disconnected and the input is Inhibited 
when in standby; In addition, the REFjn input only presents a capacitlve load. NOTE: Standby does 
not affect the other modes of the REF/OSC circuitry. 

When C4 is reset low, the part is taken out of standby in 2 steps. First, the REFjn (only in one mode) 
resistor Is reconnected, all counters are enabled, and the Rx current is enabled. Any fR and fy signals 
are inhibited from toggling the phase/frequency detectors and lock detector. Second, when the first 
fv pulse occurs, the R counter is jam loaded, and the phase/frequency and lock detectors are initial- 
ized. Immediately after the jam load, the A, N, and R counters begin counting down together. At 
this point, the fR and fv pulses are enabled to the phase and lock detectors. (Patented feature.) 

03, 02 — 12, 11 : Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum current 
(as set by Rx per Figure 14) is available. Also, see 01 bit description. 



01 — Port: 



CO — Out B: 



When the OUTPUT A pin is selected as "Port" via bits A22 and A23, 01 determines the state of 
OUTPUT A. When 01 Is set high, OUTPUT A Is forced high; 01 low forces OUTPUT A low. When 
OUTPUT A is nof selected as "Port," 01 controls whether the PDout step size Is 10% or 25%. (See 
Tables 2 and 3.) When low, steps are 10%. When high, steps are 25%. Default Is 10% steps when 
OUTPUT A is selected as "Port." The Port bit is not affected by the standby mode. 

Determines the state of OUTPUT B. When CO is set high, OUTPUT B is high-impedance; CO low 
forces OUTPUT B low. The Out B bit Is not affected by the standby mode. This bit is cleared low 
at power up. 



Figure 13. C Register Access and Format (8 Clock Cycles are Used) 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

lout. SOURCE CURRENT (mA) 

NOTE: The MC1 451 92 is optimized for Rx values in the 1 8 kQ to 40 l<Q range. For example, to achieve 0.3 mA of output 
current, it is preferable to use a 30-kQ resistor for Rx and bit settings for 25% (as shown in Table 3). 

Figure 14. Nominal Source Current for the PDout Pi" 



Table 2. PDout Current, C1 = Low with OUTPUT A NOT 

Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 



Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 
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ENB 



NOTE 3 



CLK 



10 11 12 13 14 15 16 17 18 19 20 21 22 23 



MSB 



LSB 



z 



T 

' A20 



33 
O 
(Q 
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fi) 
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o 
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(D 
0) 
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0) 



A23 



A22 



A21 



A19 



A18 



A17 , A16 



A15 



A14 ^ A13 



A12 



All ' A10 



A8 



A7 



A6 



A5 



A4 



A3 ' A2 



z 



1 



1 



PORT 
Data Out 



BOTH BITS 

MUST BE 

HIGH 



BINARY OUTPUTA 

VALUE FUNCTION 

(NOTE 1) 



IJ I I I.I 



NOT ALLOWED 
NOT ALLOWED 
NOT ALLOWED 
NOT ALLOWED 
NOT ALLOWED 
N COUNTER =H-5 

6 N COUNTER =^6 

7 N COUNTER =-7 



F E N COUNTER =-^4094 

F F N COUNTER =-^4095 



HEXADECIMAL VALUE 
FOR N COUNTER 



A COUNTER =-^0 

1 A COUNTER =-1 

2 A COUNTER =-^2 

3 A COUNTER =-^ 3 



E A COUNTER =-5-62 

F A COUNTER =-^63 

NOT ALLOWED 

1 NOT ALLOWED 



F NOT ALLOWED 



HEXADECIMAL VALUE 
FOR A COUNTER 



Notes: 

1 . A power-on initialize circuit forces the OUTPUT A function to default to Data Out. 

2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 

3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 
Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of the R register is not affected. The C register is not affected. 
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DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTORS 
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NOT ALLOWED 











3 


NOT ALLOWED 











4 


NOT ALLOWED 











5 


R COUNTER =+5 
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R COUNTER = -^ 6 
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R COUNTER = H- 7 











8 


R COUNTER = ^8 


1 


F 


F 


E 


R COUNTER = 4-8190 


1 


F 


F 


F 


R COUNTER = 4-8191 



CRYSTAL MODE, SHUT DOWN 

1 CRYSTAL MODE, ACTIVE 

2 REFERENCE MODE, REFjn ENABLED and REFout 

STATIC LOW 

3 REFERENCE MODE, REFquI = REFjn (BUFFERED) 

4 REFERENCE MODE, REFquI = REFjn/2 

5 REFERENCE MODE, REFquI = REFin/4 

6 REFERENCE MODE, REFout = REFin/8 (NOTE 3) 

7 REFERENCE MODE, REFout = REFin/1 6 

^ — OCTAL VALUE 



BINARYVALUE HEXADECIMAL VALUE 

NOTES: 

1 . Bits R15 through R1 3 control the configurable "OSC or 4-stage divider" block (see Block Diagram). 

2. Bits R1 2 through RO control the "13-stage R counter" block (see Block Diagram). 

3. A power-on initialize circuit forces a default REFjn to REFout ""^t'o of eight. 

4. At this point, bits R13, R14, and R15 are stored and sent to the "OSC or 4-Stage Divider" block in the Block Diagram. Bits R0-R12 are loaded 
into the first buffer in the double-buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the pre- 
vious ratio loaded. The C and A registers are not affected. 

5. At this point, bits R0-R12 are transferred to the second buffer of the R regis ter. The R counter begins dividing by the new ratio after com- 
pleting the rest of the present count cycle. CLK must be low during the ENB pulse, as shown. Also, see note 3 of Figure 15 for an alternate 
method of loading the second buffer in the R register. The C and A registers are not affected. The first buffer of the R register is not affected. 

Figure 16. R Register Access and Format (16 Cloclc Cycles Are Used) 



fR 
REFERENCE 
REFjn -^R, 

fv 

FEEDBACK 
fin-(Nx64 + A)_ 



n 



n 



n 



n 



iz 



PDout" 

^r" 

<j)V 
LD 



Jl 



"i_r 



IT 






u 



u 



•Vh 

Vl 

Vh 
Vl 

■ sourcing current 

■ high impedance 

• sinking current 

Vh 
•Vl 

■Vh 

•Vl 

Vh 



— Vl 



Vh = High voltage level 

Vl = Low voltage level 

*At this point, when both fR and fy are in phase, the output source and sink circuits are turned on for a short interval. 

NOTE: The PDout either sources or sinks current during out-of-lock conditions. When locked in phase and frequency, the output is high 

impedance and the voltage at that pin is determined by the low-pass filter capacitor. PDout. ^R> ^^^ ^V ^^^ shown with the polarity bit 

(POL) = low; see Figure 13 for POL. 

Figure 17. Phase/Frequency Detectors and Lock Detector Output Waveforms 
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DESIGN CONSIDERATIONS 
CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a refer- 
ence frequency to Motorola's CMOS frequency synthesizers. 
Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscillators 
provide very stable reference frequencies. An oscillator capa- 
ble of CMOS logic levels at the output may be direct or dc 
coupled to REFjn. If the oscillator does not have CMOS logic 
levels on the outputs, capacitive or ac coupling to REFjn may 
be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem Elec- 
tronic Engineers Master Catalog, the Gold Book, or similar 
publications. 
Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using dis- 
crete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device is ac coupled to 
REFjn (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 

Use of the On-Chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an appro- 
priate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 

The crystal should be specified for a loading capacitance 
(Cl) which does not exceed approximately 20 pF when used 
at the highest operating frequency of 10 MHz. Assuming 
R1 = ^ the shunt load capacitance (Cl) presented across 
the crystal can be estimated to be: 

C!nCout__._c3,ray^ "^^'^^ 



Cl = 



C|n + Cout 



+ Ca 



Cl + C2 



where 



Cjn =5 pF (see Figure 19) 

Cout =6 pF (see Figure 19) 

Ca = 1 pF (see Figure 19) 



To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (f r) at OUTPUT A as a function of supply voltage. 
(REFout is not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc sup- 
ply voltage Is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or 
R 1 must be increased in value if the overdriven condition ex- 
ists. The user should note that the oscillator start-up time is 
proportional to the value of R1 . 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very help- 
ful (see Table 4). 
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rs^ FREQUENCY synthesizer! 
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Rf 

-AAAr- 



REFout 
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\\-m NAAr-l 

i C2 



*May be needed in certain cases. See text. 
Figure 18. Pierce Crystal Oscillator Circuit 



REFin o- 



-^J>o 1 1 o REFout 



\ r 

-r ^'" I II I ^out -|- 

^stray 



Cl and C2 =external capacitors (see Figure 18) 

Cstray =the total equivalent external circuit stray capaci- 
tance appearing across the crystal terminals 



Figure 19. Parasitic Capacitances of the 
Amplifier and Cstray 



The oscillator can be "trimmed" on-frequency by making a 
portion or all of Cl variable. The crystal and associated com- 
ponents must be located as close as possible to the REFjn and 
REFout pins to minimize distortion, stray capacitance, stray 
inductance, and startup stabilization time. Circuit stray capaci- 
tance can also be handled by adding the appropriate stray 
valuetothevaluesforCjn and Cout- Forthisapproach.theterm 
Cstray becomes in the above expression for Cl- 

Power is dissipated in the effective series resistance of 
the crystal. Re, in Figure 20. The maximum drive level spe- 
cified by the crystal manufacturer represents the 
maximum stress that the crystal can withstand without 
damage or excessive shift in operating frequency. R1 In 
Figure 1 8 limits the drive level. The use of R1 is not neces- 
sary in most cases. 




1 n 2 1 

o lOl o = c 



Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 20. Equivalent Crystal Networks 
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RECOMMENDED READING 

Technical Note TN-24, Statek Corp. 

Technical Note TN-7, Statek Corp. 

E. Hafner, 'The Piezoelectric Crystal Unit-Definitions and 
Method of Measurement", Proc. IEEE, Vol, 57, No. 2, Feb. 
1969. 

D, Kemper, L. Rosine, "Quartz Crystals for Frequency 



Control", Electro-Technology, June 1969. 

P. J. Ottowitz, "A Guide to Crystal Selection", Electronic 
Design, May 1966. 

D. Babin, "Designing Crystal Oscillators", Machine Design, 
March 7, 1985. 

D. Babin, "Guidelines for Crystal Oscillator Design", 
Machine Design, April 25, 1985. 



Table 4. Partial List of Crystal Manufacturers 



Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 
Fox Electronics 


3605 McCart Ave., Ft. Worth, TX 76110 

2371 Crystal Dr., Ft. Myers, FL 33907 

51 2 N. Main St., Orange, CA 92668 

5570 Enterprise Parkway, Ft. Myers, FL 33905 


(817)921-3013 
(813)936-2109 
(714)639-7810 
(813)693-0099 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this is a complete listing of crystal manufacturers. 



(A) PDout 



T 



PHASE-LOCKED LOOP— LOW-PASS FILTER DESIGN 

-vco 



K(l)Kvco 
NC 



R.|/ K,|,KvcoC 
- 2 / N 



conRC 



Z(s) = 



1+sRC 
sC 



NOTE: 

For (A), using K(j, in amps per radian with the filter's impedance transfer function, Z(s), maintains units of volts per radian for the detector/ 
filter combination. Additional sideband filtering can be accomplished by adding a capacitor C across R. The corner coc = l/RC should be 
chosen such that 03n is not significantly affected. 



(B) 




con 



-V- 



K(l)Kvco 
NCRi 



VCO 



C = 



(OnR2C 



ASSUMING GAIN A IS VERY LARGE, THEN: 

RpsC + l 

— F(s)= „ ^ 

NOTE: - Rise 

For (B), Ri is frequently split into two series resistors; each resistor is equal to Ri divided by 2. A capacitor Cc is then placed from the 

midpoint to ground to further filter the error pulses. The value of Cq should be such that the corner frequency of this network does not 

significantly affect cop. 
DEFINITIONS: 

N = Total Division Ratio in Feedback Loop 

K(j) (Phase Detector Gain) = lpDout/27c amps per radian for PDout 

K(j) (Phase Detector Gain) = VpD/27c volts per radian for ^y and (1)r 

27cAfvco 
Kvco (VCO Transfer Function) = -^ radians per volt 

For a nominal design starting point, the user might consider a damping factor ^=0.7 and a natural loop frequency cop = (27cfR/50) 
where fR is the frequency at the phase detector input. Larger (Op values result in faster loop lock times and, for similar sideband filtering, 
higher fR-related VCO sidebands. 

Either loop filter (A) or (B) is frequently followed by additional sideband filtering to further attenuate fR-related VCO sidebands. This 
additional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1 979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1 980. 
Blanchard, Alain, Phase-Loclced Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1 976. 
Egan, William R, Frequency Synthesis by Phase Lock. New York, Wiley-lnterscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 

Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 
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NOTES: 

1 . When used, the ({)r and (^\/ outputs are fed to an external combiner/loop filter. See the Phase-Locked 
Loop — Low-Pass Filter Design page for additional information. 

2. Transistor Q1 is required only if the standby feature is needed. Q1 permits the bipolar section of the device 
to be shut down via use of the general-purpose digital pin, OUTPUT B. If the standby feature is not need- 
ed, tie pin 12 directly to the power supply. 

3. For optimum performance, bypass the Vcc. VoD- ^"^1 Vpo pins to GND with low-inductance capacitors. 

4. The R counter is programmed for a divide value = REFip/fR. Typically, fR is the tuning resolution required 
for the VCO. Also, the VCO frequency divided by fp = Nj = N x 64 + A; this determines the values (N, 
A) that must be programmed into the N and A counters, respectively. 

Figure 21. Example Application 
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Figure 22. Cascading Two Devices 
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ENB 



CLK 



1 [ 

V V 

C REGISTER BITS OF DEVICE #2 C REGISTER BITS OF DEVICE #1 

IN FIGURE 22 IN FIGURE 22 

*At this point, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing tlie C Registers of Two Cascaded Devices 
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A REGISTER BITS OF DEVICE #2 A REGISTER BITS OF DEVICE #1 

IN FIGURE 22 IN FIGURE 22 

*At this point, the new bytes are transferred to the A registers of both devices and stored. Additionally, for both devices, the 13 LSBs in each of the first buffers of the R registers are 
transferred to the respective R register's second buffer. Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of each R register is not affected. 
Neither C register is affected. 

Figure 24. Accessing tlie A Registers of Two Cascaded Devices 
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Notes Applicable To Each Device: 

1 . At this point, bits R13, R14, and R15 are stored and sent to the "OSC or 4-Stage Divider" block in the Block Diagram. Bits RO through R12 are loaded into the first buffer in the double- 
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The C and A registers are not affected. 

2. At this point, the bits RO through R 12ar e transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. CLK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an altemate method of loading the second buffer in the R register. The C and A registers 

are not affected. The first buffer of the R register is not affected. 
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Product Preview 

2.0 GHz PLL Frequency 

Synthesizers 

Include On-Board 64/65 Prescalers 

The MC1 45200 and MC1 45201 are single-package synthesizers with serial 
interfaces capable of direct usage up to 2.0 GHz. A special architecture makes 
these PLLs very easy to program because a byte-oriented format Is utilized. Due 
to the patented BitGrabber™ registers, no address/steering bits are required for 
random access of the three registers. Thus, tuning can be accomplished via a 
3-byte serial transfer to the 24-blt A register. The Interface Is both SPI and 
MICROWIRE™ compatible. 

Each device features a single-ended current source/sink phase detector output 
and a double-ended phase detector output. Both phase detectors have linear 
transfer functions (no dead zones). The maximum current of the single-ended 
phase detector output Is determined by an external resistor tied from the Rx pin 
to ground. This current can be varied via the serial port. 

The MC1 45200 features logic-level converters and high-voltage phase/ 
frequency detectors; the detector supply may range up to 9.5 V. The MC1 45201 
has lower-voltage phase/frequency detectors optimized for single-supply systems 
of 5 V ±10%. 

Each part includes a differential RF Input which may be operated In a 
single-ended mode. Also featured are on-board support of an external crystal and 
a programmable reference output. The R, A, and N counters are fully program- 
mable. The C register (configuration register) allows the parts to be configured 
to meet various applications. A patented feature allows the C register to shut off 
unused outputs, thereby minimizing system noise and interference. 

In order to have consistent lock times and prevent erroneous data from being 
loaded Into the counters, on-board circuitry synchronizes the update of the A 
register If the A or N counters are loading. Similarly, an update of the R register 
is synchronized if the R counter Is loading. 

The double-buffered R register allows new divide ratios to be presented to the 
three counters (R, A, and N) simultaneously. 

• Maximum Operating Frequency: 2000 MHz @ Vjn = 200 mVp-p 

• Operating Supply Current: 12 mA Nominal 

• Operating Supply Voltage Range (VpD and Vqc P'^s): 4.5 to 5.5 V 

• Operating Supply Voltage Range of Phase Detectors (Vrd Pin) — 

MC145200:8.0to9.5V 
MC145201:4.5to5.5V 

• Current Source/Sink Phase Detector Output Capability: 2 mA Maximum 

• Gain of Current Source/Sink Phase/Frequency Detector Controllable via Serial Port 

• Operating Temperature Range: - 40 to +85°C 

• R Counter Division Range: 5 to 8191 plus Direct Access to Phase Detector Input 

• Dual-ModulusCapability Provides Total Division up to 262,143 

• High-Speed Serial Interface: 4 Mbps 

• OUTPUT A Pin, When Configured as Data Out, Permits Cascading of Devices 

• Two General-Purpose Digital Outputs — OUTPUT A: Totem-Pole (Push-Pull) 

OUTPUT B: Open-Drain 

• Power-Saving Standby Feature with Orderly Recovery for Minimizing Lock 

Times, Standby Current: 50 ^lA 
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ORDERING INFORMATION 

MC145200F SOG Package 
MCI 45201 F SOG Package 
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This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
BitGrabber is a trademark of Motorola, Inc. MICROWIRE is a trademark of National Semiconductor Corp. 
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SUPPLY CONNECTIONS: 
PIN 12 = Vcc (V+ TO INPUT AMP AND 64/65 PRESCALER) 
PIN 5 = VpD (V+ TO PHASE/FREQUENCY DETECTORS A AND B) 
PIN 14 = Vdd (V+ to balance OF CIRCUIT) 
PIN 7 = GND (COMMON GROUND) 
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MAXIMUM RATINGS* (Voltages Referenced to GND, unless otherwise stated) 




Symbol 


Parameter 


Value 


Unit 


Vcc 
Vdd 


DC Supply Voltage (Pins 12 and 14) 


-0.5 to + 6.0 


V 


VpD 


DC Supply Voltage (Pin 5) MC1 45200 
MCI 45201 


Vdd -0.5 to +9.5 

Vdd -0.5 to +6.0 


V 


Vin 


DC Input Voltage 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage 

(except OUTPUT B. PDout. ^R, ^w) 


-0.5 to Vdd +0.5 


V 


Vout 


DC Output Voltage (OUTPUT B, PDout- 't'R. M 


-0.5toVpD+0.5 


V 


'in. IPD 


DC Input Current, per Pin (Includes Vpp) 


±10 


mA 


•out 


DC Output Current, per Pin 


±20 


mA 


Idd 


DC Supply Current, Vqd and GND Pins 


±30 


mA 


Pd 


Power Dissipation, per Package 


300 


mW 


Tstg 


Storage Temperature 


-65 to + 150 


°C 


tl 


Lead Temperature, 

1 mm from Case for 10 seconds 


260 


°C 



* Maximum Ratings are those values beyond which damage to the device may occur. Func- 
tional operation should be restricted to the limits In the Electrical Characteristics tables or 
Pin Descriptions section. 



This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, precau- 
tions must be taken to avoid applications of 
any voltage higher than maximum rated 
voltages to this high-impedance circuit. 
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ELECTRICAL CHARACTERISTICS 

(Vdd = Vcc = 4.5 to 5.5 V, Voltages Referenced to GND, T^ = -40 to +85°C, unless otherwise stated; 
MC1 45200: Vpp = 8.0 to 9.5 V; MC1 45201 : Vrd = 4.5 to 5.5 V with Vdd ^ Vrd- 



Symbol 


Parameter 


Test Condition 


Guaranteed 
Limit 


Unit 


V|L 


Maximum Low-Level Input Voltage 
(Djn, CLK, ENB, REFjn) 


Device in Reference Mode 


0.3 X Vdd 


V 


VjH 


Minimum High-Level Input Voltage 
(Din, CLK, ENB, REFjn) 


Device In Reference Mode 


0.7 X Vdd 


V 


Vhys 


Minimum Hysteresis Voltage (CLK, ENB) 




300 


mV 


Vol 


Maximum Low-Level Output Voltage 
(REFout. OUTPUT A) 


lout = 20 \iA, Device in Reference Mode 


0.1 


V 


VOH 


Minimum High-Level Output Voltage 
(REFout, OUTPUT A) 


lout = -20 nA, Device in Reference Mode 


Vdd -0.1 


V 


'OL 


Minimum Low-Level Output Current 
(REFout, LD, (1)R, <^y) 


Vout = 0.4V 


0.36 


mA 


'OH 


Minimum High-Level Output Current 
(REFout, LD, (t)R, (t)v) 


Vout = Vdd - 0.4 V for REFout, LD 
Vout = VpD -0.4 V for (l)R,(|)v 


-0.36 


mA 


lOL 


Minimum Low-Level Output Current 
(OUTPUT A, OUTPUT B) 


Vout = 0.4 V 


1.0 


mA 


'OH 


Minimum High-Level Output Current 
(OUTPUT A Only) 


Vout = Vdd -0.4 V 


-0.6 


mA 


lin 


Maximum Input Leakage Current 
(Din, CLK, ENB. REFin) 


Vin = Vdd or GND, Device in XTAL Mode 


±1.0 


^A 


lin 


Maximum Input Current 
(REFin) 


Vin = Vdd or OND, Device in Reference Mode 


±100 


HA 


loz 


Maximum Output Leakage Current (PDout) 


Vout = VpD - 0.5 or 0.5 V MC1 45200 
Output in High-Impedance State MC1 45201 


±150 
±200 


nA 


lOZ 


Maximum Output Leakage Current 

(OUTPUT B) 


Vout = VpDorGND, 

Output in High-Impedance State 


±10 


\iA 


'STBY 


Maximum Standby Supply Current 
(Vdd + VpD Pins) 


Vin = Vdd or GND; Outputs Open; Device in Standby Mode, 
Shut-Down Crystal Mode or REFoufStatic-Low Reference 
Mode; OUTPUT B Controlling Vcc per Figure 21 


50* 


HA 


IPD 


Maximum Phase Detector 
Quiescent Current (VpD Pin) 


Bit C6 = High Which Selects Phase Detector A, 

PDout = Open, PDout = Static Low or High, Bit C4 = Low 

Which is not Standby, Irx = 1 1 3 [lA 


600* 


HA 


Bit C6 = Low Which Selects Phase Detector B, (t)R and 
(1)V = Open, (t)R and (^\j = Static Low or High, Bit 
C4 = Low Which is nof Standby 


30* 


It 


Total Operating Supply Current 
(Vdd + VpD + Vcc Pins) 


fin = 2.0 GHz; REFin = 13 MHz @ 1 Vp-p; 

OUTPUT A = Inactive and No Connect; 

REFout, <t>V <I>R. PDout. LD = No Connect; 

Din, ENB, CLK = Vdd or GND, Phase Detector B Enabled 

(BitC6 = Low) 


** 


mA 



MCI 45201 ONLY. 

The nominal value = 1 2 mA. This is not a guaranteed 



limit. 



MC145200*MC1 45201 
2-672 



MOTOROLA COMMUNICATIONS DEVICE DATA 



ANALOG CHARACTERISTICS— CURRENT SOURCE/SINK OUTPUT— PDout 

(lout ^ 2 mA, Vdd = Vcc = 4.5 to 5.5 V, Vqd ^ Vpp. Voltages Referenced to GND) 



Parameter 


Test Condition 


VPD 


Guaranteed 
Limit 


Unit 


Maximum Source Current Variation 


MC1 45200: Vout = 0.5 x Vpp 


8.0 


±20 


% 


9.5 


±20 


MC1 45201 : Vout = 0.5 x Vpo 


4.5 


±20 


% 


5.5 


±20 


Maximum SInk-vs-Source Mismatch (Note 3) 


MC1 45200: Vout = 0.5 x Vrq 


8.0 


12 


% 


9.5 


12 


MC1 45201 : Vout = 0.5 x Vpo 


4.5 


12 


% 


5.5 


12 


Output Voltage Range (Note 3) 


MCI 45200: lout variation <, 20% 


8.0 


0.5 to 7.5 


V 


9.5 


0.5 to 9.0 


MCI 45201 : lout variation ^ 20% 


4.5 


0.5 to 4.0 


V 


5.5 


0.5 to 5.0 



NOTES: 

1 . Percentages calculated using the following formula: (Maximum Value - Minimum Value)/Maxlmum Value. 

2. See Rx Pin Description for external resistor values. 

3. This parameter Is guaranteed for a given temperature within -40 to +85°C. 



AC INTERFACE CHARACTERISTICS (Vdd = 4.5 to 5.5 V, Ta = - 40 to +85°C, Cl = 50 pF, Input tp = tf = 10 ns; 
MCI 45200: Vpp = 8.0 to 9.5 V; MCI 45201 : Vpo = 4.5 to 5.5 V with VpD ^ Vpp) 



Symbol 


Parameter 


Figure #(s) 


Guaranteed 
Limit 


Unit 


folk 


Serial Data Clock Frequency (Note: Refer to Clock t^ below) 


1 


dc to 4.0 


MHz 


tPLH. tpHL 


Maximum Propagation Delay, CLK to OUTPUT A (Selected as Data Out) 


1,5 


105 


ns 


tPLH. tpHL 


Maximum Propagation Delay, ENB to OUTPUT A (Selected as Port) 


2,5 


100 


ns 


tpZL. tPLZ 


Maximum Propagation Delay, ENB to OUTPUT B 


2,6 


120 


ns 


tTLH. tTHL 


Maximum Output Transition Time, OUTPUT A and OUTPUT B; 
tTHLonly, on OUTPUT B 


1,5,6 


100 


ns 


C|n 


Maximum Input Capacitance - Djn, ENB, CLK, 




10 


pF 



TIMING REQUIREMENTS 

(Vdd = 4.5 to 5.5 V, Ta = -40 to +85°C, Input tp = tf = 10 ns unless otherwise Indicated) 



Symbol 


Parameter 


Figure #(s) 


Guaranteed 
Limit 


Unit 


tsu. th 


Minimum Setup and Hold Times, Djn vs CLK 


3 


20 


ns 


*su' th. tree 


Minimum Setup, Hold and Recovery Times, ENB vs CLK 


4 


100 


ns 


tw 


Minimum Pulse Width, ENB 


4 


* 


cycles 


tw 


Minimum Pulse Width, CLK 


1 


125 


ns 


tptf 


Maximum Input Rise and Fall Times, CLK 


1 


100 


^s 



The minimum limit is 3 REFjn cycles or 195 fjn cycles, whichever is greater. 

SWITCHING WAVEFORMS 
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Figure 5. Test Circuit 
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Figure 6. Test Circuit 
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LOOP SPECIFICATIONS (Vpo = Vqc = 4.5 to 5.5 V unless otherwise indicated, Ta = -40 to +85°C) 



Symbol 


Parameter 


Test Condition 


Fig# 


Guaranteed 
Operating Range 


Unit 


Min 


Max 


Vin 


Input Voltage Range, fjn 


500 MHz < fjn ^2000 MHz 


7 


200 


1500 


mVp-p 


fref 


Input Frequency, REFjn Externally Driven In 
Reference Mode 


Vjn = 400 mVp-p 
Vin=1Vp-p 

R Counter set to divide ratio such that 
fp ^ 2 MHz, REF Counter set to di- 
vide ratio such that REFout ^ "10 MHz 


8 


12 

4.5* 


27 
27 


MHz 


^XTAL 


Crystal Frequency, Crystal Mode 


01 < 30 pF, C2 < 30 pF, Includes 
Stray Capacitance; R Counter and 
REF Counter same as above 


9 


2 


15 


MHz 


fout 


Output Frequency, REFout 


Cl = 30 pF 


10,12 


dc 


10 


MHz 


f 


Operating Frequency of the Phase Detectors 






dc 


2 


MHz 


tw 


Output Pulse Width, LD, (j)r, and 
(t)v, — MC1 45201 


fp in Phase with fy, Cl = 50 pF, 
VpD = 5.5 V.Vdd = VcC = 5.0 V 


11,12 


20 


100 


ns 


tTLH. 
tTHL 


Output Transition Times, LD, (^\j, and 
(1)R — MC1 45201 


Cl = 50 pF, VpD = 5.5 V, 
VdD = VcC = 5.0V 


11,12 


— 


65 


ns 


Cm 


Input Capacitance f jn 

REFin 






— 


TBD 
5 


pF 



*lf lower frequency is desired, use wave shaping or higher amplitude sinusoidal signal. 
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Figure 9. Test Circuit-Crystal IVIode 
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Figure 11. Switching Waveform 
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Figure 12. Test Circuit 
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PIN DESCRIPTIONS 

DIGITAL INTERFACE PINS 

Din 

Serial Data Input (Pin 19) 

The bit stream begins with the most significant bit (MSB) 
and is shifted in on the low-to-high transition of CLK. The bit 
pattern is 1 byte (8 bits) long to access the C or configuration 
register, 2 bytes (16 bits) to access the first buffer of the R 
register, or 3 bytes (24 bits) to access the A register (see Table 
1 ). The values in the C, R, and A registers do not change during 
shifting beca use t he transfer of data to the registers is 
controlled by ENB. 

CAUTION 

The value programmed for the N-counter must be 
greater than or equal to the value of the A-counter. 

The 13 least significant bits (LSBs) of the R register are 
double-buffered. As indicated above, data is latched into the 
first buffer on a 16-bit transfer. (The 3 MSBs are not 
double-buffered and have an immediate effect after a 16-bit 
transfer.) The second buffer of the R register contains the 13 
bits for the R counter. This second buffer is loaded with the 
contents of the first buffer when the A register is loaded (a 
24-bit transfer). This allows presenting new values to the R, 
A, and N counters simultaneously. If this is not requi red, then 
the 16-bit transfer may be followed by pulsing ENB low with 
no signal on the CLK pin. This is an alternate method of 
transferring data to the second buffer of the R register (see 
Figure 16). 

The bit stream needs neither address nor steering bits due 
to the innovative BitGrabber registers. Therefore, all bits in 
the stream are available to be data for the three registers. 
Random access of any register is provided. That is, the 
registers may be accessed in any sequence. Data is retained 
in the registers over a supply range of 4.5 to 5.5 V. The formats 
are shown in Figures 13, 15, and 16. 

Djn typically switches near 50% of Vdd to maximize noise 
immunity This input can be directly interfaced to CMOS 
devices with outputs guaranteed to switch near rail-to-rail. 
When interfacing to NMOS or TTL devices, either a level 
shifter (MC74HC14A, MC14504B) or pull-up resistor of 1 kQ 
to 10 kQ must be used. Parameters to consider when sizing 
the resistor are worst-case Iqlo^ the driving device, maximum 
tolerable power consumption, and maximum data rate. 

Table 1 . Register Access 

(MSBs are shifted in first; CO, RO, and AO are the LSBs) 



Number 
of Clocks 


Accessed 
Register 


Bit 
Nomenclature 


8 

16 

24 

Other Values < 32 

Values > 32 


C Register 
R Register 
A Register 
Not Allowed 
See Figures 
22-25 


C7, C6, C5 CO 

R15, R14, R13 RO 

A23,A22,A21 AO 



CLK 

Serial Data Clock Input (Pin 18) 

Low-to-high transitions on CLK shift bits available at the 
Djn pin, while high-to-low transitions shift bits from 
OUTPUT A (when configured as Data Out, see Pin 16). The 
24-1/2-stage shift register is static, allowing clock rates down 
to dc In a continuous or intermittent mode. 



Eight clock cycles are required to access the C register. 
Sixteen clock cycles are needed for the first buffer of the R 
register. Twenty-four cycles are used to access the A register. 
See Table 1 and Figures 13,15, and 1 6. The number of clocks 
required for cascaded devices is shown in Figures 23 through 
25. 

CLK typically switches near 50% of Vdd ^nci has a 
Schmitt-triggered input buffer. Slow CLK rise and fall times 
are allowed. See the last paragraph of Din for ^^^^ 
information. 

CAUTION 

To guarantee proper operation of the Power-On Re- 
set (POR) circuit, the CLK pin must be grounded or 
held low during power up. 

ENB 

Active Low Enable Input (Pin 17) 

This pin is used to activate the serial interfa ce to allow the 
transfer of data to/from the device. When ENB is in an 
inactive high state, shifting is inhibited and the port is held 
in the initialized state. To transfer data to the device, ENB 
(which must start inactive high) is ta ken low, a serial transfer 
is made via Djn and CLK , and ENB is taken back high. The 
low-to-high transition on ENB transfers data to the C or A 
registers and first buffer of the R register, depending on the 
data stream leng th pe r Table 1 . 

Transitions on ENB must not be attempted while CLK is 
high. This puts the device out of synchronizati on w ith the 
microcontroller. Resynchronization occurs when ENB is high 
and CLK is low. 

This input is also Schmitt-triggered and switches near 50% 
of Vdd. thereby minimizing the chance of loading erroneous 
data into the registers. See the last paragraph of Din tor more 
information. 

CAUTION 

ENB must not be floa ted o r toggled during power up. 
It is preferable to hold ENB at the potential of the Vdd 
pin during power up to guarantee proper operation of 
the POR circuit. 

OUTPUT A 

Configurable Digital Output (Pin 16) 

OUTPUT A js selectable as fp, fv, Data Out, or Port. Bits 
A22 and A23 in the A register control the selection; see Figure 
15. 

If A23 = A22 = high, OUTPUT A is configured as fR. This 
signal is the buffered output of the 13-stage R counter. The 
fp signal appears as normally low and pulses high, and can 
be used to verify the divide ratio of the R counter. This ratio 
extends from 5 to 81 91 and is determined by the binary value 
loaded into bits RO through R12 in the R register. Also, direct 
access to the phase detectors via the REFjp pin is allowed 
by choosing a divide value of 1 (see Figure 16). The 
maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fp should not exceed 
2 MHz. 

If A23 = high and A22 = low, OUTPUT A is configured as 
fV- This signal is the buffered output of the 1 2-stage N counter. 
The fv signal appears as normally low and pulses high, and 
can be used to verify the operation of the prescaler, A counter, 
and N counter. The divide ratio between the fjn input and the 
fv signal is N x 64 + A. N is the divide ratio of the N counter 
and A is the divide ratio of the A counter. These ratios are 
determined by bits loaded into the A register. See Figure 15. 
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The maximum frequency at which the phase detectors operate 
is 2 MHz. Therefore, the frequency of fv should not exceed 
2 MHz. 

If A23 = low and A22 = high, OUTPUT A is configured as 
Data Out. This signal is the serial output of the 24-1/2-stage 
shift register. The bit stream Is shifted out on the high-to-low 
transition of the CLK input. Upon power up, OUTPUT A is 
automatically configured as Data Out to facilitate cascading 
devices. 

If A23 = A22 = low, OUTPUT A is configured as Port. This 
signal is a general-purpose digital output which may be used 
as an MCU port expander. This signal is low when the Port 
bit (C1) of the C register is low, and high when the Port bit 
is high. 

OUTPUT B 

Open-Drain Digital Output (Pin 15) 

This signal is a general-purpose digital output which may 
be used as an MCU port expander. This signal is low when 
the Out B bit (CO) of the C register is low. When the Out B 
bit is high, OUTPUT B assumes the high-impedance state. 
OUTPUT B may be pulled up through an external resistor or 
active circuitry to any voltage less than or equal to the potential 
of the VpD pin. Note: the maximum voltage allowed on the 
VpD pin is 9.5 V for the MC145200 and 5.5 V for the 
MC1 45201. 

Upon power-up, power-on reset circuitry forces OUTPUT B 
to a low level. 
REFERENCE PINS 

REFjn and REFout 

Reference Input and Reference Output (Pins 20 and 1) 

Configurable pins for a Crystal or an External Reference. 
This pair of pins can be configured in one of two modes: the 
crystal mode or the reference mode. Bits R13, R14, and R15 
in the R register control the modes as shown in Figure 16. 

In crystal mode, these pins form a reference oscillator when 
connected to terminals of an external parallel-resonant crystal. 
Frequency-setting capacitors of appropriate values as 
recommended by the crystal supplier are connected from each 
of the two pins to ground (up to a maximum of 30 pF each, 
including stray capacitance). An external resistor of 1 MQ to 
15 M^ is connected directly across the pins to ensure linear 
operation of the amplifier. The device is designed to operate 
with crystals up to 15 MHz; the required connections are 
shown in Figures. To turn on the oscillator, bits R15, R14, 
and R13 must have an octal value of one (001 in binary, 
respectively). This is the active-crystal mode shown in 
Figure 16. In this mode, the crystal oscillator runs and the R 
Counter divides the crystal frequency, unless the part is in 
standby. If the part is placed in standby via the C register, the 
oscillator runs, but the R counter is stopped. However, if bits 
R15 to R13 have a value of 0, the oscillator is stopped, which 
saves additional power. This is the shut-down crystal mode 
(shown in Figure 1 6) and can be engaged whether in standby 
or not. 

In the reference mode, REFjp (Pin 20) accepts a signal 
up to 27 MHz from an external reference oscillator, such as 
a TCXO. A signal swinging from at least the V|l to V|h levels 
listed in the Electrical Characteristics table may be directly 
coupled to the pin. If the signal Is less than this level, ac 
coupling must be used as shown in Figure 8. Due to an 
on-board resistor which is engaged In the reference modes. 



an external biasing resistor tied between REFjn and REFout 
is not required. 

With the reference mode, the REFout P'" is configured 
as the output of a divider. As an example, If bits R15, R14, 
and R13 have an octal value of seven, the frequency at 
REFout is the REFjp frequency divided by 16. In addition, 
Figure 16 shows how to obtain ratios of eight, four, and two. 
A ratio of one-to-one can be obtained with an octal value 
of three. Upon power up, a ratio of eight is automatically 
initialized. The maximum frequency capability of the REFout 
pin is 10 MHz. Therefore, for REFjn frequencies above 
10 MHz, the one-to-one ratio may not be used. Likewise, for 
REFjn frequencies above 20 MHz, the ratio must be more 
than two. 

If REFout is unused, an octal value of two should be used 
for R15, R14, and R13 and the REFout P'" should be floated. 
A value of two allows REFjn to be functional while disabling 
REFout. which minimizes dynamic power consumption and 
electromagnetic interference (EMI). 
LOOP PINS 
f in and f jn 
Frequency Inputs (Pins 11 and 10) 

These pins are frequency inputs from the VCO. These pins 
feed the on-board RF amplifier which drives the 64/65 
prescaler. These Inputs may be fed differentially. However, 
they usually are used in a single-ended configuration (shown 
in Figure 7). Note that fjp is driven while fjn must be tied to 
ground via a capacitor, 

Motorola does not recommend driving fjn while terminating 
f|n because this configuration is not tested for sensitivity. The 
sensitivity is dependent on the frequency as shown In the Loop 
Specifications table. 

PDout 

Single-Ended Phase/Freq. Detector Output (Pin 6) 

This is a three-state current-source/sink output for use as 
a loop error signal when combined with an external low-pass 
filter. The phase/frequency detector Is characterized by a 
linear transfer function. The operation of the phase/ frequency 
detector is described below and Is shown In Figure 1 7. 
POL bit (07) in the C register = low (see Figure 13) 
Frequency of fy > fR or Phase of fv Leading fR: 

current-sinking pulses from high impedance 
Frequency of fy < fR or Phase of fv Lagging fR: 

current-sourcing pulses from high impedance 
Frequency and Phase of fy = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
POL bit (07) = high 
Frequency of fy > fR or Phase of fy Leading fR: 

current-sourcing pulses from high Impedance 
Frequency of fy < fR or Phase of fy Lagging fR: 

current-sinking pulses from high impedance 
Frequency and Phase of fy = fR: essentially high- 
impedance state; voltage at pin determined by loop filter 
This output can be enabled, disabled, and Inverted via the 
C register. If desired, PDout can be forced to the high- 
impedance state by utilization of the disable feature In the 
C register (bit 06). This Is a patented feature. Similarly, PDout 
Is forced to the high-impedance state when the device Is put 
Into standby (STBY bit 04 = high). 
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(|)p and (l)v (Pins 3 and 4) 

Double-Ended Phase/Frequency Detector Outputs 

These outputs can be combined externally to generate a 
loop error signal. Through use of a Motorola patented 
technique, the detector's dead zone has been eliminated. 
Therefore, the phase/frequency detector is characterized by 
a linear transfer function. The operation of the phase/frequen- 
cy detector is described below and is shown in Figure 17. 
POL bit (07) in the register = low (see Figure 13) 
Frequency of fv>fR or Phase of fvLeadlngfR:<j)v= negative 

pulses, (t)R = essentially high 
Frequency of fy < fp or Phase of fy Lagging fR: ^y = 

essentially high, ({>r = negative pulses 
Frequency and Phase of fy = fR: ^y and (1)r remain 
essentially high, except for a small minimum time period 
when both pulse low in phase 
POL bit (07) = high 
Frequency of fv>fR or Phase of fy Leading fp: ^^ = negative 

pulses, (j)v = essentially high 
Frequency of fv < fR or Phase of fv Lagging fR: ({)r = 

essentially high, ^y = negative pulses 
Frequency and Phase of iy = fp: ^y and <))r remain 
essentially high, except for a small minimum time period 
when both pulse low in phase 
These outputs can be enabled, disabled, and interchanged 
via register bits 06 or 04. This is a patented feature. Note 
that when disabled or in standby, (|)r and ^y are forced to their 
rest condition (high state). 

The (t)R and ^y output signal swing is approximately from 
GND to VpD. 

LD 

Lock Detector Output (Pin 2) 

This output is essentially at a high level with narrow 
low-going pulses when the loop is locked (f r and f v of the same 
phase and frequency). The output pulses low when fv and 
f R are out of phase or different frequencies. LD is the logical 
AN Ding of (|)r and ^y (see Figure 17). 

This output can be enabled and disabled via the register. 
This is a patented feature. Upon power up, on-chip 
initialization circuitry disables LD to a static low logic level to 
prevent a false "lock" signal. If unused, LD should be disabled 
and left open. 

The LD output signal swing is approximately from GND to 

vdd- 

Rx 

External Resistor (Pin 8) 

A resistor tied between this pin and GND, In conjunction 
with bits in the O register, determines the amount of current 
that the PDout P'" sinks and sources. When bits 02 and 03 
are both set high, the maximum current is obtained at PDout; 
see Tables 2 and 3 for other values of current. To achieve 
a maximum current of 2 mA, the resistor should be about 
47 kQ when Vpo is 9 V or about 18 kQ when VpD is 5.0 V. 
See Figure 14 if lower maximum current values are desired. 

When the (1)r and ^y outputs are used, the Rx pin may be 
floated. 

TEST POINT PINS 

TEST1 

Modulus Control Signal (Pin 9) 

This pin may be used in conjunction with the Test 2 pin for 
access to the on-board 64/65 prescaler. When Test 1 is low, 
the prescaler divides by 65. When high, the prescaler divides 
by 64. 



CAUTION 

This pin is an unbuffered output and mustbe floated 
in an actual application. This pin must be attached to 
an Isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 

TEST 2 

Prescaler Output (Pin 13) 

This pin may be used to access to the on-board 64/65 
prescaler output. 

CAUTION 

This pin is an unbuffered output and miisf be floated 
in an actual application. This pin must be attached to 
an isolated pad with no trace. There is the possibility 
that the final production version of the device will 
have this lead clipped at the body of the package. 



power supply pins 
Vdd 

Positive Power Supply (Pin 14) 

This pin supplies power to the main CMOS digital portion 
of the device. The voltage range Is + 4.5 to + 5.5 V with 
respect to the GND pin. 

Foroptimumperformance,VDDshouldbebypassedtoGND 
using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

vcc 

Positive Power Supply (Pin 12) 

This pin supplies power to the RF amp and 64/65 prescaler. 
The voltage range is +4.5 to +5.5 V with respect to the GND 
pin. In the standby mode, the Vco P'" still draws a few 
milliamps from the power supply. This current drain can be 
eliminated with the use of transistor 01 as shown in 
Figure 21 . 

For optimum performance, Vco should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

VpD 

Positive Power Supply (Pin 5) 

This pin supplies power to both phase/frequency detectors 
A and B. The voltage applied on this pin must be no less 
than the potential applied to the Vdd P'"- The maximum 
voltage can be +9.5 V with respect to the GND pin for the 
M01 45200 and +5.5 V for the M01 45201. 

For optimum performance, Vrd should be bypassed to 
GND using a low-inductance capacitor mounted very close 
to these pins. Lead lengths on the capacitor should be 
minimized. 

GND 

Ground (Pin 7) 

Common ground. 
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ENB 



"1 



CLK 



fmj^LFlPUnjn_Fl 



MSB 



LSB 



C7 C6 H C5 H C4 H C3 H C2 H C1 



*At this point, the new byte is transferred to the C register and stored. No other registers are affected. 



C7 — POL: Selects the output polarity of the phase/frequency detectors. When set high, this bit inverts PDout 
and interchanges the ^^ function with (^y as depicted in Figure 17. Also see the phase detector output 
pin descriptions for more information. This bit is cleared low at power up. 

C6 — PDA/B: Selects which phase/frequency detector is to be used. When set high, enables the output of phase/ 
frequency detector A (PDout) ^^^ disables phase/frequency detector B by forcing (t)R and ^y to the 
static high state. When cleared low, phase/frequency detector B is enabled ((|)r and (|)v) and phase/fre- 
quency detector A is disabled with PDout forced to the high-impedance state. This bit is cleared low 
at power up. 

C5 — LDE: Enables the lock detector output (LD) when set high. When the bit is cleared low, the LD output is 
forced to a static low level. This bit is cleared low at power up. 



C4 — STBY: 



C3, C2 — 12, 11: 



CI — Port: 



CO — Out B: 



When set, places the CMOS section of device, which is powered by the Vpo and Vpp pins, in the 
standby mode for reduced power consumption: PDout 's forced to the high-impedance state, (|)r and 
(j)V are forced high, the A, N, and R counters are inhibited from counting, and the Rx current is shut 
off. In standby, the state of LD is determined by bit C5. C5 low forces LD low (no change). C5 high 
forces LD static high. During standby, data is retained in the A, R, and C registers. The condition 
of REF/OSC circuitry is determined by the control bits in the R register: R13, R14, and R15. However, 
if REFout= static low Is selected, the Internal feedback resistor is disconnected and the input is inhibited 
when in standby; in addition, the REFjn input only presents a capacitive load. NOTE: Standby does 
not affect the other modes of the REF/OSC circuitry. 

When C4 is reset low, the part is taken out of standby in 2 steps. First, the REFjp (only in one mode) 
resistor is reconnected, all counters are enabled, and the Rx current is enabled. Any fR and fv signals 
are inhibited from toggling the phase/frequency detectors and lock detector. Second, when the first 
fv pulse occurs, the R counter is jam loaded, and the phase/frequency and lock detectors are initialized. 
Immediately after the jam load, the A, N, and R counters begin counting down together. At this point, 
the fR and fv pulses are enabled to the phase and lock detectors. (Patented feature.) 

Controls the PDout source/sink current per Tables 2 and 3. With both bits high, the maximum current 
(as set by Rx per Figure 14) is available. Also, see CI bit description. 

When the OUTPUT A pin is selected as "Port" via bits A22 and A23, CI determines the state of OUT- 
PUT A. When CI is set high, OUTPUT A is forced high; CI low forces OUTPUT A low. When OUTPUT 
A is NOT selected as "Port," CI controls whether the PDout step size is 10% or 25%. (See Tables 
2 and 3.) When low, steps are 10%. When high, steps are 25%. Default is 10% steps when OUTPUT 
A is selected as "Port." The Port bit is not affected by the standby mode. 

Determines the state of OUTPUT B. When CO is set high, OUTPUT B is high-impedance; CO low 
forces OUTPUT B low. The Out B bit is not affected by the standby mode. This bit is cleared low 
at power up. 



Figure 13. C Register Access and Format (8 Cloclc Cycles are Used) 
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0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8 1.9 2.0 2.1 2.2 2.3 

lout. SOURCE CURRENT (mA) 

NOTE: The MCI 45201 is optimized for Rx values in the 18 kfi to 40 ki2 range. For example, to achieve 0.3 mA of output 
current, it is preferable to use a 30-k^ resistor for Rx and bit settings for 25% (as shown in Table 3). 

Figure 14. Nominal Source Current for the PDout P'" 



Table 2. PDout Current, C1 = Low with OUTPUT A NOT 

Selected as "Port"; Also, Default Mode When 

OUTPUT A Selected as "Port" 



Table 3. PDout Current, C1 = High with OUTPUT A NOT 
Selected as "Port" 
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02 


PDout Current 








70% 





1 


80% 
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90% 


1 


1 


100% 



C3 


C2 


PDout Current 
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ENB 



CLK 



TI 
(Q' 



niu 



NOTE 3 



3 




4 




5 




6 




7 




8 




9 




10 




11 




12 


13 




14 




15 




16 




17 




18 




19 




20 




21 




22 





23 



LK 



MSB 



LSB 



z 



> 

J3 
o 

(Q 



A23 



A22 



A21 



^ A20 ^ A19 



A18 



A17 



A16 



A15 



A14 I A13 ! A12 ^ All 



A10 



A9 



A8 



A7 



A6 



A5 



, A4 / 



A3 ' A2 ' 



AO 



O 
o 



c 



1 



1 



PORT 
DOUT 



BINARY OUTPUT A 

VALUE FUNCTION 

(N0TE1) 



BOTH BITS 

MUST BE 

HIGH 












NOT ALLOWED 








1 


NOT ALLOWED 








2 


NOT ALLOWED 








3 


NOT ALLOWED 








4 


NOT ALLOWED 








5 


N COUNTER =-5 








6 


N COUNTER =-6 








7 


N COUNTER =-7 


F 


F 


E 


N COUNTER =^4094 


F 


F 


F 


N COUNTER =-^4095 


v^ 




J 




HEXADECIMAL VALUE 
FOR N COUNTER 



A COUNTER =-^0 

1 A COUNTER =-1 

2 A COUNTER =-2 

3 A COUNTER =-3 



E A COUNTER =-62 

F A COUNTER =-^ 63 

NOT ALLOWED 

1 NOT ALLOWED 



F NOT ALLOWED 



HEXADECIMAL VALUE 
FOR A COUNTER 



NOTES: 

1 . A power-on initialize circuit forces the OUTPUT A function to default to Data Out. 

2. The values programmed for the N counter must be greater than or equal to the values programmed for the A counter. This results in a total divide value = N x 64 + A. 

3. At this point, the three new bytes are transferred to the A register. In addition, the 13 LSBs in the first buffer of the R register are transferred to the R register's second buffer. 
Thus, the R, N, and A counters can be presented new divide ratios at the same time. The first buffer of the R register is not affected. The register is not affected. 



ENB 



1. 



CLK 



JTLRIJIIJ^UTLRJTIJT^^ 



NOTE NOTE 



MSB 



LSB 



R15 ' R14 



R13 



R12 ; R11 ; R10 



R9 



R8 



R7 I RB I R5 



R4 



R3 ^ R2 ; R1 



RO 



i 



L 



I L 



J L 



I 



CRYSTAL MODE, SHUT DOWN 

1 CRYSTAL MODE, ACTIVE 

2 REFERENCE MODE, REFjn ENABLED and REFout 

STATIC LOW 

3 REFERENCE MODE, REFout = REFjn (BUFFERED) 

4 REFERENCE MODE, REFout = REFin/2 

5 REFERENCE MODE, REFout =REFin/4 

6 REFERENCE MODE, REFout = REFin/8 (NOTE 3) 

7 REFERENCE MODE, REFout = REFin/1 6 

L OCTAL VALUE 



NOT ALLOWED 

1 DIRECT ACCESS TO REFERENCE SIDE OF PHASE/FREQUENCY DETECTORS 

2 NOT ALLOWED 

3 NOT ALLOWED 

4 NOT ALLOWED 

5 R COUNTER =+5 

6 R COUNTER =+6 

7 R COUNTER = -5-7 

8 R COUNTER = -*- 8 



BINARY VALUE 



1 F F E R COUNTER =+8190 
1 F F F R COUNTER = -*- 81 91 



HEXADECIMAL VALUE 



NOTES: 

1 . Bits R1 5 through R13 control the configurable "OSC or 4-stage divider" block (see Block Diagram). 

2. Bits R1 2 through RO control the "13-stage R counter" block (see Block Diagram). 

3. A power-on initialize circuit forces a default REFjn to REFout ratio of eight. 

4. At this point, bits R1 3, R1 4, and R1 5 are stored and sent to the "OSC or 4-Stage Divider" block in the Block Diagram. Bits RO through R1 2 are loaded 
into the first buffer in the double-buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous 
ratio loaded. The C and A registers are not affected. 

5. At this point, bits RO through R12 are transferred to the second buffer of t he R register. The R counter begins dividing by the new ratio after 
completing the rest of the present count cycle. CLK must be low during the ENB pulse, as shown. Also, see note 3 of Figure 15 for an alternate 
method of loading the second buffer in the R register. The C and A registers are not affected. The first buffer of the R register is not affected. 



Figure 16. R Register Access and Format (16 Cloclc Cycles Are Used) 



REFERENCE 
REFjn -R 



n 



FEEDBACK 
fin-(Nx64 + A) 



PD, 



'out" 



Ji 



"L 



IJ- 



<t>R 
<t>V 

LD 



-Vh 

"Vl 

Vh 

Vl 
- sourcing current 

-high impedance 

-sinking current 
•Vh 



U \1 



If 



— Vl 
Vh 

— Vl 

— Vj^ 



— Vl 



Vh = High voltage level 

Vl = Low voltage level 

*At this point, when both fR and fy are in phase, the output source and sink circuits are turned on for a short interval. 

NOTE: The PDout either sources or sinks current during out-of-lock conditions. When locked in phase and frequency, the output is high imped- 
ance and the voltage at that pin is determined by the low-pass filter capacitor. PDout. <t'R> ^^i^^ <t>V are shown with the polarity bit (POL) = low; 
see Figure 13 for POL. 

Figure 17. Phase/Frequency Detectors and Locl< Detector Output Waveforms 
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DESIGN CONSIDERATIONS 
CRYSTAL OSCILLATOR CONSIDERATIONS 

The following options may be considered to provide a 
reference frequency to Motorola's CMOS frequency synthe- 
sizers. 
Use of a Hybrid Crystal Oscillator 

Commercially available temperature-compensated crystal 
oscillators (TCXOs) or crystal-controlled data clock oscilla- 
tors provide very stable reference frequencies. An oscillator 
capable of CMOS logic levels at the output may be direct 
or dc coupled to REFjn- If the oscillator does not have CMOS 
logic levels on the outputs, capacitive or ac coupling to REFjn 
may be used (see Figure 8). 

For additional information about TCXOs and data clock 
oscillators, please consult the latest version of the eem 
Electronic Engineers Master Catalog, the Gold Book, or 
similar publications. 
Design an Off-Chip Reference 

The user may design an off-chip crystal oscillator using 
discrete transistors or ICs specifically developed for crystal 
oscillator applications, such as the MC12061 MECL device. 
The reference signal from the MECL device is ac coupled to 
REFjn (see Figure 8). For large amplitude signals (standard 
CMOS logic levels), dc coupling may be used. 
Use of the On-Chip Oscillator Circuitry 

The on-chip amplifier (a digital inverter) along with an 
appropriate crystal may be used to provide a reference source 
frequency. A fundamental mode crystal, parallel resonant at 
the desired operating frequency, should be connected as 
shown in Figure 18. 

The crystal should be specified for a loading capacitance 
(Cl) which does not exceed approximately 20 pF when used 
at the highest operating frequency of 15 MHz. Assuming 
R1 = Q, the shunt load capacitance (Cl) presented across 
the crystal can be estimated to be: 



Cl = 



^in^out 
Cin+Cout 



+ Ca 



■ Cstray + 



Cl 'C2 
Cl +C2 



where 



Cjn =5 pF (see Figure 19) 

Gout =6 pF (see Figure 19) 

Ca = 1 pF (see Figure 1 9) 

Cl and C2= external capacitors (see Figure 18) 
Cstray= the total equivalent external circuit stray 
capacitance appearing across the crystal 
terminals 

The oscillator can be 'Irimmed" on-frequency by making 
a portion or all of C1 variable. The crystal and associated 
components must be located as close as possible to the 
REFjn and REFout P'f^s to minimize distortion, stray 
capacitance, stray inductance, and startup stabilization time. 
Circuit stray capacitance can also be handled by adding the 
appropriate stray value to the values for Cjn and Cout- For 
this approach, the term Cstray becomes In the above 
expression for Cl. 

Power is dissipated in the effective series resistance of the 
crystal. Re, in Figure 20. The maximum drive level specified 
by the crystal manufacturer represents the maximum stress 
that the crystal can withstand without damage or excessive 
shift in operating frequency. R1 in Figure 18 limits the drive 
level. The use of R1 is not necessary in most cases. 



To verify that the maximum dc supply voltage does not 
cause the crystal to be overdriven, monitor the output 
frequency (fR) at OUTPUT A as a function of supply voltage. 
(REFout 's not used because loading impacts the oscillator.) 
The frequency should increase very slightly as the dc supply 
voltage is increased. An overdriven crystal decreases in 
frequency or becomes unstable with an increase in supply 
voltage. The operating supply voltage must be reduced or R1 
must be increased in value If the overdriven condition exists. 
The user should note that the oscillator start-up time is pro- 
portional to the value of R1 . 

Through the process of supplying crystals for use with 
CMOS inverters, many crystal manufacturers have devel- 
oped expertise in CMOS oscillator design with crystals. 
Discussions with such manufacturers can prove very helpful 
(see Table 4). 
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*May be needed in certain cases. See text. 
Figure 18. Pierce Crystal Oscillator Circuit 
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Figure 19. Parasitic Capacitances of the Amplifier 
and Cstray 
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Note: Values are supplied by crystal manufacturer 
(parallel resonant crystal). 

Figure 20. Equivalent Crystal Networks 
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Table 4. 


Partial List of Crystal Manufacturers 




Name 


Address 


Phone 


United States Crystal Corp. 
Crystek Crystal 
Statek Corp. 
Fox Electronics 


3605 McCart Ave., Ft. Worth, TX 76110 

2371 Crystal Dr., Ft. Myers, FL 33907 

512 N. Main St., Orange, CA 92668 

5570 Enterprise Parkway, Ft. Myers, FL 33905 


(817)921-3013 
(813)936-2109 
(714)639-7810 
(813)693-0099 



Note: Motorola cannot recommend one supplier over another and in no way suggests that this is a 
complete listing of crystal manufacturers. 
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PHASE-LOCKED LOOP— LOW PASS FILTER DESIGN 



(A) PDout 




VCO 



^= 1/ NC- 



, R.|/ K<{>KvcoC 
•- 2 K N 



Z(s) = 



UsRC 
sC 



copRC 



NOTE: 
For (A), using K^ in amps per radian with the filter's impedance transfer function, Z(s), maintains units of volts per radian for the detector/ 
filter combination. Additional sideband filtering can be accomplished by adding a capacitor C across R. The corner coc = 1/RC' should be 
chosen such that cop is not significantly affected. 



(B) 



^^ • ^\ 




1 / KcdKvco 
'^= V NCRi 



VCO 



conR2C 



c = 



ASSUMING GAIN A IS VERY LARGE, THEN: 



F(s) = 



R2SC + 1 
RlsC 



NOTE: 
For (B), Ri is frequently split into two series resistors; each resistor is equal to Ri divided by 2. A capacitor Cq is then placed from the 
midpoint to ground to further filter the error pulses. The value of Cc should be such that the corner frequency of this network does not 
significantly affect cop. 

DEFINITIONS: 
N = Total Division Ratio in Feedback Loop 
K(j, (Phase Detector Gain) = lpDout/2:t amps per radian for PDout 
K(j) (Phase Detector Gain) = \/po/2n volts per radian for <^\/ and ^^ 

2TiAfvco 
Kvco (VCO Transfer Function) = -Tw radians per volt 

For a nominal design starting point, the user might consider a damping factor ^=0.7 and a natural loop frequency cop = (27tfR/50) where 
fp is the frequency at the phase detector input. Larger cop values result in faster loop lock times and, for similar sideband filtering, higher 
fR-related VCO sidebands. 

Either loop filter (A) or (B) is frequently followed by additional sideband filtering to further attenuate fR-related VCO sidebands. This addi- 
tional filtering may be active or passive. 

RECOMMENDED READING: 
Gardner, Floyd M., Phaselock Techniques (second edition). New York, Wiley-lnterscience, 1979. 

Manassewitsch, Vadim, Frequency Synthesizers: Theory and Design (second edition). New York, Wiley-lnterscience, 1980. 
Blanchard, Alain, Phase-Locked Loops: Application to Coherent Receiver Design. New York, Wiley-lnterscience, 1976. 
Egan, William R, Frequency Synthesis by Phase Lock. New York, Wiley-lnterscience, 1981. 
Rohde, Ulrich L., Digital PLL Frequency Synthesizers Theory and Design. Englewood Cliffs, NJ, Prentice-Hall, 1983. 
Berlin, Howard M., Design of Phase-Locked Loop Circuits, with Experiments. Indianapolis, Howard W. Sams and Co., 1978. 
Kinley, Harold, The PLL Synthesizer Cookbook. Blue Ridge Summit, PA, Tab Books, 1980. 

Seidman, Arthur H., Integrated Circuits Applications Handbook, Chapter 17, pp. 538-586. New York, John Wiley & Sons. 
Fadrhons, Jan, "Design and Analyze PLLs on a Programmable Calculator," EDN. March 5, 1980. 
AN535, Phase-Locked Loop Design Fundamentals, Motorola Semiconductor Products, Inc., 1970. 

AR254, Phase-Locked Loop Design Articles, Motorola Semiconductor Products, Inc., Reprinted with permission from Electronic Design, 
1987. 
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NOTES: 

1 . When used, the fy^ and fy\i outputs are fed to an external combiner/loop filter. See the Phase-Locked 
Loop — Low-Pass Filter Design page for additional Information. 

2. TransistorQIis required only if the standby feature Is needed. Q1 permits the bipolar section of thedevice 
to be shut down via use of the general-purpose digital pin, OUTPUT B. If the standby feature is not need- 
ed, tie pin 12 directly to the power supply. 

3. For optimum performance, bypass the Vcc ^DD. ai^cl Vpo pins to GND with low-inductance capacitors. 

4. The R counter is programmed for a divide value = REFjn/fR. Typically, fp is the tuning resolution required 
for the VCO. Also, the VCO frequency divided by fR = Nj = N x 64 + A; this determines the values (N, 
A) that must be programmed Into the N and A counters, respectively. 

Figure 21. Example Application 
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Figure 22. Cascading Two Devices 
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*At this point, the new bytes are transferred to the C registers of both devices and stored. No other registers are affected. 

Figure 23. Accessing tlie C Registers of Two Cascaded Devices 
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Figure 24. Accessing the A Registers of Two Cascaded Devices 
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NOTES APPLICABLE TO EACH DEVICE: 

1 . At this point, bits R13, R14, and R15 are stored and sent to the "OSC or 4-Stage Divider" block in the Block Diagram. Bits RO through R12 are loaded into the first buffer in the double- 
buffered section of the R register. Therefore, the R counter divide ratio is not altered yet and retains the previous ratio loaded. The C and A registers are not affected. 

2. At this point, the bits RO through R12 are transferred to the second buffer of the R register. The R counter begins dividing by the new ratio after completing the rest of the present count 
cycle. CLK must be low during the ENB pulse, as shown. Also, see note of Figure 24 for an alternate method of loading the second buffer in the R register. The C and A registers 

are not affected. The first buffer of the R register is not affected. 
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Figure 25. Accessing the R Registers of Two Cascaded Devices 
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Advance Information 

Serial 13-Bit Linear Codec 

(A/D and D/A) 

The MC1 45402 is a 13-bit linear monotonia digital-to-analog and analog-to- 
digital converter implemented in a single silicon-gate CMOS IC. Potential applica- 
tions include analog interface for Digital Signal Processor (DSP) applications, 
high speed modems, telephone systems, SONAR, Adaptive Differential Pulse 
Code Modulation (ADPCM) converters, echo cancellers, repeaters, voice synthe- 
sizers, and music synthesizers. 

• 60 dB Signal-to-(Noise Plus Distortion) Ratio Typical 

• On-Chip Precision Voltage Reference 

• Serial Data Ports 

• Two's Complement Coding 

• ±5 V Supply Operation 

• Sample Rates from 100 Hz to 16 kHz (Both A/D and D/A), 100 Hz to 21.3 kHz 

(A/D Only), and 100 Hz to 64 kHz (D/A Only) 

• Input Sample and Hold Provided On-Chip 

• 5 V CMOS Inputs; Outputs Capable of Driving Two LSTTL Loads 

• Available in a 16-Pin DIP 

• Low Power Consumption: 50 mW Typical, 1 mW Power Down 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vss) 




Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd-Vss 


-0.5 to 11 


V 


Voltage, Any Pin to VSS 


V 


-0.5toVDD+0.5 


V 


DC Current Drain per Pin (Exclud 
ingVDD.Vss) 


1 


10 


mA 


Operating Temperature Range 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-85 to + 150 


°C 



RECOMMENDED OPERATING CONDITIONS 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electrical fields; however, it is advised that 
normal precautions be taken to avoid applications 
of any voltage higher than maximum rated 
voltages to this high impedance circuit. For proper 
operation It is recommended that Vjp and Vout be 
constrained to the range Vss ^(Vjn or Vout)^VDD 
on analog inputs/outputs and Vdg ^ (Vjn or Vout) 
< Vdd on digital inputs/outputs. Reliability of 
operation Is enhanced if unused digital Inputs are 
tied to an appropriate logic voltage level (e.g., 
either Vdg or Vqd) arid unused analog Inputs are 
tied to Vag- 



Parameter 


Pins 


0to70°C 
IVIin 


25°C 
Typ 


to 70°C 
Max 


Unit 


DC Supply Voltage 


Vdd to Vss 


9.5 


10 


10.5 


V 


Power Dissipation, PDI = 1 


Vdd to Vss 


— 


50 


80 


mW 


Power Dissipation, PDI = 


Vdd to Vss 


— 


1 


5 


mW 


Conversion Rate Full Cycle A/D and D/A 

Short Cycle A/D 
Short Cycle D/A 


MSI 


0.1 
0.1 
0.1 


- 


16 
21.3 
64 


kHz 


Conversion Sequence Rate 


CCI 


3.2 


- 


512 


kHz 


Date Rate 


TDC, RDC 


ISxfMSI 


— 


4096 


kHz 


Full Scale Analog Levels (Referenced to 600 Q) 


AI,AO 


— 


3.27 
9.5 


— 


Vp 
dBm 



DIGITAL ELECTRICAL CHARACTERISTICS (Vdd = 5 V, Vss = - 5 V, Vag = Vdg = V, Ta = to 70°C) 



Characteristic 


Symbol 


Min 


IVIax 


Unit 


High Level Input Voltage 


V|H 


3.5 


- 


V 


Low Level Input Voltage 


V|L 


— 


1.5 


V 


Input Current 


lin 


- 


±1.0 


^A 


Input Capacitance 


Cin 


- 


10 


PF 


High Level Output Voltage TDD lout = -20 ^lA 

lout = -1mA 


VOH 


4.9 
4.3 


— 


V 


Low Level Output Voltage TDD lout = -20 nA 

lout = -1 niA 


Vol 


— 


0.1 
0.4 


V 



CODER AND DECODER PERFORMANCE (Vdd = 5 V ± 5%, Vss = -5 V ± 5%, Vag = VdG = V, 

dBmO = 1 .60 Vrms = 6.30 dBm (600 Q), Ta = to 70°C, MSI = TDE = RCE = 8 kHz, TDC = RDC = 2.048 MHz, CCI = 256 kHz) 



Characteristic 


Coder (A/D) 


Decoder (D/A) 


Unit 


Min 


Typ 


Max 


Min 


Typ 


Max 


Resolution 


13 


— 


13 


13 


— 


13 


Bits 


Conversion Time Full Cycle A/D and D/A 

Short Cycle A/D 
Short Cycle D/A 


62.5 
46.9 




10,000 
10,000 


62.5 
15.6 




10,000 
10,000 


^is 


Differential Nonlinearity 


— 


— 


±1 


— 


— 


±1 


LSB 


Gain Error 


-0.35 


— 


+ 0.35 


-0.35 


— 


+ 0.35 


dB 


Offset 


-15 


— 


+ 15 


— 


— 


— 


LSB 


- 


- 


- 


-20 


- 


+ 20 


mV 


Idle Channel Noise, 3 kHz Low-Pass 


- 


-75 


- 


- 


-79 


— 


dBmO 


Signal-to-Noise 3.2 dBmO 
(Referenced to 1 .02 kHz through dBmO 
a fMS|/2 Low-Pass Filter) - 1 dBmO 

-20dBmO 
-30 dBmO 
-40 dBmO 
-50 dBmO 


j 


61 
60 
57 
50 
40 
30 
20 


; 


- 


62 
60 
59 
52 
42 
32 
22 


- 


dB 
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ANALOG ELECTRICAL CHARACTERISTICS (Vdd = 5 V ± 5%. Vss = -5 V ± 5%, Vag 
dBmO = 1 .60 Vrms = 6.30 dBm (600 Q), Ta = to 70°C, MSI = TDE = RCE = 8 kHz, TDC = RDC = 


= Vdg = OV, 
2.048 MHz, CCI = 256 kHz) 




Characteristic 


Pin 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current 


Al 


lin 


— 


0.01 


±1 


^A 


AC Input Impedance 


Al 


Z|n 


0.5 


- 


- 


MQ 


Input Capacitance 


Al 


C|n 


— 


— 


15 


PF 


Output Voltage Range 


AO 


Vout 


-3.4 


— 


3.4 


V 


Power Supply Rejection Ratio 

(100 mV RMS on Vqd or Vss. 0-50 kHz) 


AO, TDD 


PSRR 


— 


40 


— 


dB 


Crosstalk, Ajn to Aout and RDD to TDD referenced to dBmO @ 1 .02 kHz 


AO, TDD 


— 


— 


-90 


-75 


dB 


Slew Rate 


AO 


SR 


1.5 


3 


— 


V/^is 


Settling Time (Full Scale) 


AO 


tsettle 


- 


8 


- 


^is 



SWITCHING CHARACTERISTICS 

(Vdd = + 5 V ± 5%, Vss = - 5 V ± 5%, Vag = VdG = O V, Ta = O to 70°C, Cl = 50 pF, See Figure 1 ) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input Rise Time RCE, RDC, TDC, TDE, CCI, MSI 


tr 


- 


100 


ns 


Input Fall Time RCE, RDC, TDC, TDE, CCI, MSI 


tf 


- 


100 


ns 


Output Rise Time TDD 


tr 


- 


80 


ns 


Output Fall Time TDD 


tf 


- 


80 


ns 


Pulse Width High RDC, MSI, CCI, TDC, RCE 


twH 


100 


- 


ns 


Pulse Width Low TDE, MSI, TDC, RCE, RDC 


twL 


100 


- 


ns 


CCI Pulse Width Low 


twL 


500 


- 


ns 


MSI Clock Frequency 


tMSI 


0.1 


64 


kHz 


CCI Clock Frequency 


feci 


3.2 


512 


kHz 


TDC and RDC Clock Frequency 


fDC 


16xfMSI 


4.1 


MHz 


TDC Rising Edge to TDD Data Valid During TDE High 


V1 


- 


150 


ns 


TDE Rising Edge to TDD Data Valid During TDC High 


tp2 


- 


150 


ns 


TDE Rising Edge to TDD Low-Impedance Propagation Delay 


tp3 





100 


ns 


TDE Falling Edge to TDD High-Impedance Propagation Delay 


tp4 


— 


40 


ns 


TDE Rising Edge to TDC Falling Edge Setup Time 


tsul 
tsu2 


20 
100 


— 


ns 


RDC Bit Falling Edge to Last CCI Falling Edge Prior to MSI 


tsu3 


20 


- 


ns 


MSI Rising Edge to CCI Falling Edge Setup Time 


tsu4 
tsu5 


20 
100 


— 


ns 


Last CCI Rising Edge (Prior to MSI) to TDE Rising Edge 


tsu6 


100 


- 


ns 


Last CCI Rising Edge (Prior to MSI) to First TDC Rising Edge 


tsu6' 


100 


- 


ns 


First TDC Falling Edge to Last CCI Rising Edge Prior to MSI 


tsu7 





- 


ns 


RCE Rising Edge to RDC Falling Edge Setup Time 


tsu8 
tsu9 


20 
100 


_ 


ns 


RDD Valid to RDC Falling Edge Setup Time 


tsulO 


60 


- 


ns 


RDD Hold Time from RDC Falling Edge 


th 


100 


- 


ns 
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Figure 1. AC Timing Diagram 



PIN DESCRIPTIONS 

vdd 

Positive Supply (Pin 16) 

The most positive power supply, typically + 5 V In split pow- 
er supply configurations or +10 V in single supply systems. 

vss 

Negative Supply (Pin 8) 

The most negative power supply typically -5 V in split 
power supply configurations or V in single supply systems. 

vag 

Analog Ground (Pin 1) 

This is the analog signal reference point. This pin is normal- 
ly tied to V in split supply operation or Vdd/2 in single supply 
systems. 

vdg 

Digital Ground (Pin 9) 

This is the ground reference for all of the digital input and 
output pins. CMOS compatible logic signals swing from Vdg 
to Vdd where Vdg can be established anywhere from Vdd 
-4.75 V to Vss- 



Aout 

Analog Output (Pin 2) 

This is the output of the decoder's sample and hold circuit 
and is a 1 00% duty cycle analog output of the last digital word 
received and decoded by the decoder. Aout 's updated ap- 
proximately 60 ns after the rising edge of the last CCI prior 
to MSI (see Figure 2). Aout 's capable of driving a 10 kQ, 
50 pF load. 

Ain 

Analog Input (Pin 3) 

This is the high-impedance input to the coder. An A/D cycle 
begins on the first falling edge of CCI following the rising edge 
of MSI. Ajn is sampled approximately 50 ns after the rising 
edge of CCI prior to the start of the A/D cycle. 

PDl 

Power-Down Input (Pin 4) • 

In normal operation this Input should be tied high. A logic 
low on this input puts the device into a minimum power dissi- 
pation mode. During power-down, all functions stop. Two 
complete MSI conversion cycles are required to establish 
normal operation after leaving the power-down mode. 
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CCI 

Convert Clock Input (Pin 5) 

This input controls the complete conversion sequence dur- 
ing one IVISI cycle and must receive a clock which is 32 times 
the frequency of MSI. The only exception to 32 times the fre- 
quency of MSI is during short-cycle operation. See General 
Modes of Operation secWon. CCI must be synchronous and 
approximately rising edge aligned with MSI. 

MSI 

Master Sync Input (Pin 6) 

This pin determines the conversion rate for both the coder 
and the decoder. One A/D and D/A conversion takes place 
during each period of the digital clock applied to this input 
(except in short-cycle operation, see General Modes of 
Operation section). MSI must be synchronous and approxi- 
mately rising edge aligned with CCI. 

TDC 

Transmit Data Clock (Pin 12) 

Digital data from the coder is serially transmitted from TDD 
on rising TDC edges whenever TDE is a logic high. TDC must 
be approximately rising edge aligned with TDE. Generally, if 
TDC is low when TDE rises, the first rising edge of TDC 
clocks the first data bit. If TDC is high when TDE rises, the 
first bit will be clocked by TDE and the first rising edge of TDC 
after TDE rises will clock out the second data bit. 

TDE 

Transmit Data Enable (Pin 10) 

This pin is used to initiate the serial transfer of data from 
the coder and provides three-state control of the TDD pin. 
The rising edge of TDE (or TDC if it follows TDE) signals 
the start of data transfer from the TDD pin. A resulting high 
logic level on TDE also releases TDD from its high-imped- 
ance state. TDE must remain high throughout the data 
transfer to keep TDD in the low-impedance state and must 
return to a low state prior to each data transfer. If TDE re- 
mains high for more than 16 TDC clocks, the 16 bits of TDD 
data will be recirculated. (Note: The A/D cycle begins on the 
first falling edge of CCI after the rising edge of MSI. The 
internal transmit latch is updated one and one half CCI peri- 
ods prior to the start of the A/D cycle. A pulse generated 
by the logical AND of TDE and the first TDC transfers data 
to the transmit shift register, and this pulse must not occur 
when the transmit latch is updated. See Figure 2 and see 
tsu6. tsu6'. and tsu7 of Figure 1 . 

TDD 

Transmit Digital Data (Pin 11) 

This is the three-state output data pin from the coder and 
is controlled by the TDE and TDC pins. TDD is in the high-im- 
pedance state whenever TDE is a logic low. The first data 
bit is output from TDD on the rising edge of TDE (or TDC if 
it follows TDE) and each subsequent bit is output on rising 
edges of TDC. Two output data formats are available as de- 
scribed in the TDF pin description below. 

TDF 

Transmit Data Format (Pin 7) 

The 13-bit digital output of the coder is available in one of 
two 1 6-bit two's complement formats as determined by the 
state of this pin. A logic at this pin causes the data from 
TDD to be in a 16-bit sign-extended format as follows: 
SSSSM ... L where S, M, and L represent the sign, most sig- 
nificant bit, and the least significant bit, respectively. A logic 



1 on this pin formats the data as follows: SM ... LSSS (see 
Figure 3). RDD data is not affected by the state of this pin 
and if a "digital loopback" is needed (TDD data looped back 
into RDD), this pin should be high. 

RDC 

Receive Data Clock (Pin 13) 

Receive digital data is accepted by the decoder on the first 
13 falling edges of RDC after an RCE rising edge. 

RCE 

Receive Clock Enable (Pin 1 4) 

This pin identifies the beginning of a date transfer into the 
RDD pin of the decoder. The first 13 falling edges of RDC 
after an RCE rising edge will clock data into the decoder data 
input, RDD. RCE must return low prior to each data transfer. 
Since receive data is latched into the receive latch on the last 
CCI falling edge prior to MSI, date transfers may not span 
this falling edge of CCI without loss of data. 

RDD 

Receive Digital Data (Pin 15) 

This pin is the data input to the decoder and is controlled 
by the RDC and RCE pins described above. Two's comple- 
ment data are loaded in the following sequence: SM ... L 
where S, M, and L represent the sign, most significant bit, 
and the least significant bit, respectively. Only the first 1 3 bits 
clocked by RDC after RCE rises will be accepted for decod- 
ing. Any additional bits will be ignored (see Figure 3). 

GENERAL INFORMATION 
GENERAL MODES OF OPERATION 

The MCI 45402 has three modes of operation; a "full" cycle 
mode and two "short" cycle modes. The full cycle mode allows 
simultaneous analog-to-digital (A/D) and digital-to-analog 
(D/A) operation. The short cycle modes allow either AJD only 
or D/A only operation. Two MSI cycles are required for the 
MCI 45402 to detect which operating mode has been 
selected. See Figure 2 for full versus short cycle clocking. 

Full Cycle Operation 

When operating in the full cycle mode, the MCI 45402 
performs a 1 3-bit A/D conversion followed by a 1 3-bit D/A con- 
version. Full cycle operation is selected by using a CCI 
frequency that is 32 times the frequency of MSI. MSI is the 
sample rate frequency. 
Short Cycle Analog to Digital Operation 

If CCI is 24 times the frequency of MSI, short cycle analog 
to digital operation is selected. This allows a 13-bit A/D 
conversion only. In this mode, the D/A is not operational and 
any data applied to the RDD input is ignored. 
Short Cycle Digital to Analog Operation 

Short cycle digital to analog operation is selected by using 
a CCI clock frequency that is eight times the MSI sample rate. 
During short cycle D/A operation, A/D operation is disabled 
and digital data read from TDD is not valid. 

CLOCKING RECOMMENDATIONS 

For optimum differential nonlinearity performance, all data 
transitions on TDD and RDD should be limited to the first four 
CCI cycles following the rising edge of MSI. This may be 
achieved by setting MSI = TDE = RCE having a duration of 
16 data clock cycles, and TDC = RDC > 4 x CCI clock 
frequency. Figure 6 shows a circuit that generates this clocking 
configuration; see Application Circuits section. 
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SIGNAL TO DISTORTION RATIO 

Figures 4 and 5 show graphs of typical signal to distortion 
ratios versus signal level for the MC1 45402. The presented 
data Is referenced to a 1020 Hz input sinusoidal frequency 
with signal levels referenced to 600 Q and transmission level 
point adjusted (e.g., dBmO at 600 n with a TLP of 6.30 dB 
is 4.53 V peak-to-peak). For comparison, ideal signal to noise 
ratios for 9-, 10-, 11-, 12-, and 13-blt A/D and D/A converters 
are also shown. The equation used for an ideal RMS to RMS 
signal to distortion ratio is: 

S/D = Nx6dB + 1.76dB 

where N is the number of bits of resolution, 6 dB per bit, 
and 1.76 = 20|og(>/3/V2). 

(V3/V2) is approximately the RMS to RMS ratio of a sine 
wave to white noise. 

The signal to noise plus distortion ratio is measured through 
a brickwall low-pass filter set to the Nyquist frequency of the 
A/D and D/A sample rate. For an 8 kHz sample rate, the 
low-pass filter is set to block all signals above 4 kHz. 

APPLICATION CIRCUITS 

Figure 6 shows a typical circuit for generating the clock 
frequencies for the MCI 45402. This circuit uses an 
MC74HC4040 and a 2.048 MHz crystal to generate the 
256 kHz frequency for internal sequencing, 1.024 MHz for the 
date clocks, and an 8 kHz sample frequency. A 4.096 MHz 
crystal could be used for a sample rate of 16 kHz. 

Figure 7 shows the MCI 45402 interfaced to the DSP56000 
digital signal processor. The DSP56000 can internally 
generate the clocks for the MCI 45402 using the SSI serial 
Interface. SCK provides the sequencing and data clocks 
(non-gated continuous dock) and SC2 (setup as the Frame 
Sync Out, FSL = 0) provides the sample rate and data enables 
for the MCI 45402. The divlde-by-four circuit to generate the 
CCI clock is recommended for optimum MCI 45402 perform- 
ance, and allows the DSP56000 to clock data in and out of 
the MCI 45402 quickly, leaving time available for processing 
by the DSP before another sample is available. SCO and SCI 
could be used to gate the enables to select up to four devices 
on the SSI bus. 



TELEPHONE SYSTEM TRANSMISSION LEVEL 
POINT FOR A LINEAR A/D OR D/A CONVERTER 
REFERENCED TO MU-LAW COMPANDING 

Mu-law companding, as specified by AT«&T and CCITT, 
requires 81 59 quantization levels to implement both A/D and 
D/A conversion schemes. This is to be mirrored about signal 
ground for the negative part of the wave form. 

To implement a 13-bit (± 12-bit) linear converter scheme 
requires 8192 quantization levels mirrored about signal 
ground. To specify this converter such that it can be used to 
interface with, or as an alternative to, telephony based Mu-law 
applications, the following is an explanation of the gain 
translation. 

A 13-bit linear converter scheme has 8192 quantization 
levels. The goal is to be able to convert between these two 
encoding schemes with minimal distortion. This dictates 
setting the LSBs to the same level. For this to be achieved 
requires the reference voltage of the linear converter to be 
8192/8159 times the reference voltage of the Mu-law 
converter. The peak amplitude of a Mu-law converter Is 3.17 
dBmO. The peak level of the linear converter will be 81 92/81 59 
times the peak level of the Mu-law converter, which is 
81 92/81 59 X 3. 1 7 dBmO. However, you cannot multiply a gain 
factor by a dBm value without using common term units and 
math (i.e., we must convert this gain factor to a dB equivalent), 
which is: 

20 logio (8192/8159) = 0.03 dB 

With the gain factor in dB, we can add it to the Mu-law peak 
level: 

3.17 dBmO + 0.03 dB = 3.20 dBmO 

Therefore, the linear converter peak level is 3.20 dBmO. 

This is another way of saying the dBmO level for the linear 
converter is 3.20 dB below the maximum amplitude. 

To determine the absolute dBmO level for the linear 
converter from the peak level, we calculate the peak level in 
dBm by: 

3.27 VpK//2)2/ (600 fl) 
1 logi ' = 9.50 dBm (600 Q) 

and 3.20 dB below this level is the dBmO absolute 
amplitude, which is 

9.50 dBm - 3.20 dB = 6.30 dBm (600 Q) 

Therefore, the calibration level, or transmission level point 
(TLP), for this part is 6.30 dBm (600 Q), which is 1.6 Vrms 
based on the reference voltage of 3.27 V. 
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Figure 3. MC1 45402 Digital Data Timing 
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Figure 7. The MC1 45402, 13-Bit Linear Codec, Interfaced to a Motorola DSP56000, Digital Signal Processor, SSI Port 
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Drivers/Receivers 

EIA-232-E and CCITT V.28 

These devices are silicon gate CMOS ICs tiiat combine both the transmitter 
and receiver to fulfill the electrical specifications of El A Standard 232-E and CCITT 
V.28. The drivers feature true TTL input compatibility, slew rate limiting outputs, 
300-Q power-off source impedance, and output typically switching to within 25% 
of the supply rails. The receivers can handle up to ±25 V while presenting 3 to 
7 kO. impedance. Hysteresis in the receivers aid in the reception of noisy signals. 
By combining both drivers and receivers in a single CMOS chip, these devices 
provide efficient, low-power solutions for both EIA-232-E and V.28 applications. 

These devices offer the following performance features: 
Drivers 

• ±5 to ±12 V Supply Range 

• 300-Q Power-Off Source Impedance 

• Output Current Limiting 

• TTL and CMOS Compatible Inputs 

• Driver Slew Rate Range Limited to 30 V/^is Maximum 
Receivers 

• ±25 V Input Range 

• 3 to 7 kQ Input Impedance 

• 0.8 V of Hysteresis for Enhanced Noise Immunity 

• TTL and CMOS Compatible Outputs 
Available Driver/Receiver Combinations 



Device 


Drivers 


Receivers 


Figure 


No. of Pins 


MC1 45403 


3 


5 


1 


20 


MC1 45404 


4 


4 


2 


20 


MC1 45405 


5 


3 


3 


20 


MC1 45408 


5 


5 


4 


24 



Alternative EIA-232 devices to consider are: 
Three Supply Single Supply 

MC1 45406 (3x3) MC1 45407 (3 x 3) 



MC 145705 (2x3) with Power Down 
MCI 45706 (3x2) with Power Down 
MC1 45707 (3x3) with Power Down 



MCI 45403 
MCI 45404 
MCI 45405 
MCI 45408 
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PIN ASSIGNMENTS 
(DIP and SO) 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to GND, except where noted) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage (Vdd ^ Vqc) 


Vdd 
vss 
vcc 


-0.5 to + 13.5 
+ 0.5 to -13.5 
-0.5 to + 6.0 


V 


Input Voltage Range 

Rx1-Rxn 
DII-DIn 


V|R 


Vss-15toVDD + 15 
0.5 to Vcc +15 


V 


DC Current Drain per Pin 


1 


±00 


mA 


Power Dissipation 


Pd 


1 


"W 


Operating Temperature Range 


Ta 


-40 to + 85 


°C 


Storage Temperature Range 


Tstg 


-85 to + 150 


°C 



This device contains circuitry to protect the in- 
puts and outputs against damage due to high stat- 
ic voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid applica- 
tions of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 

For proper operation It is recommended that 
Vout and Vjn be constrained to the ranges de- 
scribed as follows: 

Digital I/O: Driver Inputs (Dl): 

(GND^Vdi <Vcc)- 
Receiver Outputs (DO): 

(GND^Vdo ^Vcc). 
EIA-232 I/O: Driver Outputs (Tx): 

(Vss^VtxI-Txh ^Vdd)- 
Receiver Inputs (Rx): 

Vss-15V<VRxi-Rxn ^Vdd + 15V). 
Reliability of operation is enhanced if unused 
outputs are tied off to an appropriate logic voltage 
level (e.g., either GND or Vcc fo"" Dl, and GND for 
Rx). 



DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GND = V, Ta = -40 to + 85°C) 



Parameter 


Symbol 


Min 


Typ 


iVIax 


Unit 


DC Supply Voltage 


Vdd 
Vss 
Vcc 


4.5 
-4.5 
4.5 


5 to 12 

-5to-12 

5 


13.2 

-13.2 

5.5 


V 


Quiescent Supply Current (Outputs Unloaded, Inputs Low) Vqd = + 12 V 

Vss = -12V 
Vcc=+5V 


'dd 
'ss 
Ice 


- 


425 

-400 

110 


635 
-600 
200 


ha 



RECEIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V, Vqd = + "• 2 V, Vss = -1 2 V, Ta = - 40 to + 85°C, Vcc = + 5 V, 



±5%) 



Characteristic 


Symbol 


IVIin 


Typ 


IVIax 


Unit 


Input Turn-on Threshold Rxl-Rxn 

vdo = Vol 


Von 


1.35 


1.8 


2.35 


V 


Input Turn-off Threshold Rxl-Rxn 

vdo=voh 


Voff 


0.75 


1 


1.25 


V 


Input Threshold Hysteresis 
A = Von-Voff 


Vhys 


0.6 


0.8 


— 


V 


Input Resistance 
(Vss - 1 5 V) < V Rxl-Rxn < (Vqd + 15 V) 


Rin 


3 


5.4 


7 


kQ 


High Level Output Voltage lout = - 20 nA 
Vrx = -3 to -25 V* (D01-D0n) lout = - 1 .0 mA 


VOH 


4.9 
3.8 


4.9 
4.3 


— 


V 


Low Level Output Voltage lout = + 2 mA 
VRx = + 3to + 25V*(D01-DOn) lout = +4mA 


Vol 


— 


0.02 
0.5 


0.5 
0.7 


V 



*This is the range of input voltages as specified by EIA-232-E to cause a receiver to be in the high or low. 
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DRIVER ELECTRICAL SPECIFICATIONS 

(Voltage Polarities Referenced to Gnd = V, Vdd = + 1 2 V, Vgs = - 1 2 V, Tg = -40 to + 85°C, Vcc = + 5 V, ± 5%) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Digital Input Voltage DI1-Dln 
Logic 
Logic 1 


V|L 
V|H 


2 


- 


0.8 


V 


Input Current DM -Din 
Vdi = GND 

Vdi = Vcc 


l|L 
l|H 


- 


7 


±1.0 


jiA 


Output High Voltage Tx1 -Txn 
Vdi = Logic 0, Rl = 3 kQ 
Vdd = +5.0 V,Vss = -5.0 V 
Vdd = + 6.0 V,Vss = -6.0 V 

Vdd = + 12.0 v,Vss = - 12.0 V 


VOH 


3.5 
4.3 
9.2 


3.9 
4.7 
9.5 


- 


V 


Output Low Voltage* Tx1 -Txn 
Vdi = Logic 1 , Rl = 3 kQ 

Vdd = +5.0 v,Vss = -5.0 V 
Vdd = +6.0 v,vss = -6.0 V 
Vdd = + 12.0 v,Vss = - 12.0 V 


Vol 


-4 
-4.5 
-10 


-4.3 
-5.2 
-10.3 


- 


V 


Input Current Tx1-Txn 
(Figure 5) 


Zoff 


300 


— 


— 


Q 


Output Short Circuit Current Tx1-Txn 
Vdd = + 12V,Vss = -12V 
Tx Shorted to GND** 
Tx Shorted to ±1 5 V*** 


"sc 


- 


±22 
±60 


±60 
±100 


mA 



* Voltage specifications are in terms of absolute values. 

** Specification is for one Tx output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power 
dissipation limits will be exceeded. 

*** This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS 

(Vcc = +5 V, ±5%, Vdd = + 12 V, Vss = -12 V, Ta = -40 to +85°C; See Figures 2 and 3) 
Drivers 



Characteristic 


Symbol 


IVIin 


Typ 


IVIax 


Unit 


Propagation Delay Time Tx 
Low-to-High 
RL = 3kn,CL = 50pF 


tPLH 




500 


1000 


ns 


High-to-Low 
RL = 3kQ.CL = 50pF 












tPHL 




700 


1000 


Output Slew Rate 
Minimum Load 
RL = 7 kQ, Cl = pF (Vdd = 6 to 12 V, Vss = -6 to -12 V) 

Maximum Load 
Rl = 3 kQ, Cl = 2.5 pF (Vdd = 6 to 12 V, Vss = -6 to -12 V) 


SR 




±6 


±30 


V/^is 


4 


— 


_ 



Receivers (Cl = 50 pF) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Time 
Low-to-High 

High-to-Low 


tPLH 


_ 


360 


610 


ns 


tPHL 


— 


130 


610 


Output Rise Time 


tr 


— 


250 


400 


ns 


Output Fall Time 


tf 


— 


40 


100 


ns 
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Figure 1. Power Off Source Resistance 
Illustrated for IVIC1 45408 
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Figure 2. Switching Characteristics 
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PIN DESCRIPTIONS 

Vcc 

Digital Power Supply 

The digital supply pin, which is connected to the logic power 
supply (+5.5 V maximum). 

GND 
Ground 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232-E connector (Pin 7) as well as to the logic 
power supply ground. 

Vdd 

Most Positive Device Pin 

The most positive power supply pin, which is typically + 5 to 
+ 12V. 

vss 

Most Negative Device Pin 

The most negative power supply pin, which is typically -5 
to -12 V. 

Rx1-Rxn 

Receive Data Input Pins 

These are the EIA-232-E receive signal inputs. A voltage 
between + 3 and + 25 V is decoded as a space, and causes the 
corresponding DO pin to swing to ground (0 V). A voltage be- 
tween -3 and -25 V is decoded as a mark, and causes the 
corresponding DO pin to swing to Vcc- 

D01-D0n 

Data Output Pins 

These are the receiver digital output pins which swing from 
Vcc to GND. Each output pin is capable of driving one LSTTL 
input load. 

DI1-DI/7 

Data Input Pins 

These are the high impedance digital input pins to the driv- 
ers. Input voltage levels on these pins are LSTTL compatible 
and must be between Vcc ^nd GND. A weak pull-up on each 
input sets all unused Dl pins to Vcc. causing the correspond- 
ing unused driver outputs to be at Vss- 

Tx1-TXn 

Transmit Data Output Pins 

These are the EIA-232-E transmit signal output pins, which 
swing from VpD to Vss- A logic 1 atthe Dl input causes the cor- 
responding Tx output to swing to Vss- A logic at the Dl input 
causes the corresponding Tx out to swing to Vqd- The actual 
levels and slew rate achieved will depend on the output load- 
ing (Rl 1 1 Cl). 
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APPLICATION INFORMATION 
POWER SUPPLY CONSIDERATIONS 

Figure 4 shows a technique to guard against excessive 
device current. 

The diode D1 prevents excessive current from flowing 
through an internal diode from the Vqc P'" to the Vdd P'n 
when Vdd < Vcc by approximately 0.6 V or greater. This high 
current condition can exist for a short period of time during 
power up/down. Additionally, if the + 12 V supply Is switched 
off while the + 5 V is on and the off supply is a low impedance 
to ground, the diode D1 will prevent current flow through the 
internal diode. 

The diode D2 is used as a voltage clamp, to prevent Vss 
from drifting positive to Vqc. '" the event that power is 
removed from Vss (Pii^ ''2). If Vss power is removed, and 
the impedance from the Vss P'" to ground is greater than 
approximately 3 k^ this pin will be pulled to Vcc by internal 
circuitry causing excessive current in the Vcc P'"- 



If by design, neither of the above conditions are allowed 
to exist, then the diodes D1 and D2 are not required. 

ESD PROTECTION 

ESD protection on 10 devices that have their pins 
accessible to the outside world is essential. High static 
voltages applied to the pins when someone touches them 
either directly or indirectly can cause damage to gate oxides 
and transistor junctions by coupling a portion of the energy 
from the I/O pin to the power supply buses of the 10. This 
coupling will usually occur through the internal ESD 
protection diodes. The key to protecting the 10 is to shunt as 
much of the energy to ground as possible before it enters the 
10. Figure 4 shows a technique which will clamp the ESD 
voltage at approximately ±15 V using the MMVZ15VDLT1. 
Any residual voltage which appears on the supply pins is 
shunted to ground through the capacitors CI -03. This 
scheme has provided protection to the interface part up to 
±10 kV, using the human body model test. 




■12 V 



1N5818 



Figure 4. 
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Driver/Receiver 

EIA-232-E and CCITT V.28 (Formerly RS-232-D) 

The MC1 45406 is a silicon-gate CIVIOS 10 that combines three drivers and 
three receivers to fulfill the electrical specifications of standards EIA-232-E 
and CCITT V,28. The driver^ feature true TTL input compatibility, slew- 
rate-limited output, 300-Q power-off source impedance, and output typically 
switching to within 25% of the supply rails. The receivers can handle up to 
± 25 V while presenting 3 to 7 kQ impedance. Hysteresis in the receivers aids 
reception of noisy signals. By combining both drivers and receivers in a single 
CMOS chip, the MC1 45406 provides efficient, low-power solutions for 
EIA-232-E and V.28 applications. 

Drivers 

• ±5 V to ±12 V Supply Range 

• 300-Q Power-Off Source Impedance 

• Output Current Limiting 

• TTL Compatible 

• Maximum Slew Rate = 30 V/|is 
Receivers 

• ±25 V Input Voltage Range When Vpo = 12 V, Vss = -12 V 

• 3 to 7 kQ Input Impedance 

• Hysteresis on Input SwitchpoInt 
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MAXIMUM RATINGS (Voltage polarities referencecJ to GND) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltages (Vdd ^ Vqc) 


Vdd 
Vss 
vcc 


-0.5 to +13.5 
+ 0.5 to -13.5 
- 0.5 to + 6.0 


V 


Input Voltage Range 
Rxl -3 Inputs 
Dl 1-3 Inputs 


V|R 


(Vss -15) to (Vdd + 15) 
-0.5 to (Vcc + 0.5) 


V 


DC Current Per Pin 




±100 


mA 


Power Dissipation 


pd 


1.0 


W 


Operating Temperature Range 


Ta 


- 40 to + 85 


°C 


Storage Temperature Rate 


Tstg 


-85 to +150 


"C 



This cievice contains protection circuitry to pro- 
tect the inputs against damage due to high static 
voltages or electric fields; however, it is advised 
that normal precautions be taken to avoid applica- 
tion of any voltage higher than maximum rated 
voltages to this high impedance circuit. For proper 
operation, it is recommended that the voltages at 
the Dl and DO pins be constrained to the range 
GND ^ Vdi ^ Vcc and GND ^ Vdo ^ Vcc- Also, 
the voltage at the Rx pin should be constrained to 
(Vss -15 V) ^ Vrx1_3 ^ (Vdd + 15 V), and Tx 
should be constrained to Vss ^ Vjxl-3 ^ Vdd- 

Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., GND or Vcc ^r 
Dl and Ground for Rx.) 



DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GND = V, Ta = - 40 to +85°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 

Vdd 
Vss 
Vcc (Vdd ^ Vcc) 


Vdd 
Vss 
Vcc 


4.5 
-4.5 
4.5 


5 to 12 

-5to-12 

5.0 


13.2 

-13.2 

5.5 


V 


Quiescent Supply Current (Outputs unloaded, inputs low) 
Vdd = +12V 
Vss = -12 V 
Vcc = +5 V 


'dd 
iss 
Ice 


- 


140 
340 
300 


400 
600 
450 


^A 



RECEIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V, Vdd = +5 to + 12 V, Vss = 



-5 to -12 V, Vdd ^ Vcc. Ta = -40 to +85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Turn-on Threshold Rx1-Rx3 

VD01-D03 = Vol. Vcc = 5.o v ±5% 


Von 


1.35 


1.80 


2.35 


V 


Input Turn-off Threshold Rx1-Rx3 
VD01-D03 = Vqh. Vcc = 5.0 V ±5% 


Voff 


0.75 


1.00 


1.25 


V 


Input Threshold Hysteresis Rx1-Rx3 
Vcc = 5.0 V +5% 


Von-Voff 


0.6 


0.8 


— 


V 


Input Resistance Rx1-Rx3 
(Vss -15 V) < Vrx1_Rx3 ^ (Vdd + 15 V) 


Rin 


3.0 


5.4 


7.0 


kQ 


High-level Output Voltage (Vrx1-Rx3 = -3 V to (Vss - 15 V))* D01-D03 
IOH=-20^A,Vcc = +5.0V 
IOH = -1mA,Vcc = +5.0V 


VOH 


4.9 
3.8 


4.9 
4.3 


- 


V 


Low-Level Output Voltage (Vrx1_Rx3 = +3 V to (Vdd + 15 V))* D01-D03 
IOL = +20^lA.Vcc = +5.0V 
IOL = +2mA,Vcc = +5.0V 
IOL = +4mA,Vcc = +5.0V 


Vol 


- 


0.01 
0.02 
0.5 


0.1 
0.5 
0.7 


V 



*This is the range of input voltages as specified by EIA-232-E to cause a receiver to be in the high or low logic state. 
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ELECTRICAL SPECIFICATIONS (Voltage polarities referenced to GND = V, Vqc = + 5 V + 5%, Ta = - 40 to +85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Digital Input Voltage DI1-DI3 
Logic 
Logic 1 


V|L 
V|H 


2.0 


- 


0.8 


V 


Input Current DI1-DI3 
VdI1-DI3 = Vcc 


lin 


— 


— 


±1.0 


ha 


Output High Voltage (Vdii-3 = Logic 0, Rl = 3.0 kQ) Tx1-Tx3 

Vdd = +5.0 V,Vss = -5.0 V 
Vdd = +6.0V,Vss = -6.0 

Vdd = +12.0 V, Vss = -12.0 v 


VOH 


3.5 
4.3 
9.2 


3.9 
4.7 
9.5 


- 


V 


Output Low Voltage* (Vdii-3 = Logic 1 , Rl = 3.0 kQ) Tx1-Tx3 

Vdd = +5.0 V, Vss = -5.0 V 

Vdd = +6.0 V, Vss = -6.0 V 

Vdd = +12.0 V, Vss = -12.0 V 


Vol 


-4.0 
-4.5 
-10.0 


-4.3 
-5.2 
-10.3 


- 


V 


Off Source Resistance (Figure 1 ) , Tx1-Tx3 
Vdd = Vss = GND = V, Vtx1-Tx3 = ±2.0 V 




300 


— 


— 


n 


Output Short-circuit Current (Vdd = +12.0 V, Vss = -12.0 V) 1x1 -Tx3 

Tx1-Tx3 shorted to GND** 
Tx1 -Tx3 shorted to ± 1 5.0 V*** 


isc 


- 


±22 
±60 


±60 
±100 


mA 



* The voltage specifications are in terms of absolute values. 
** Specification is for one Tx output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissipation 

limits will be exceeded. 
*•* This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (Vqc = +5 V ±5%, Ta = -40 to +85°C; See Figures 2 and 3) 
Drivers 



Characteristic 


Symbol 


IVIin 


Typ 


IVIax 


Unit 


Propagation Delay Time Tx1-Tx3 
Low-to-High 

Rl = 3 kQ, Cl = 50 pF 

High-to-Low 

Rl = 3 kfi Cl = 50 pF 


tPLH 




300 


500 


ns 


tPHL 


_ 


300 


500 


Output Slew Rate Tx1-Tx3 
Minimum Load 

RL = 7kQ.CL = 0pF,VDD = +6to+12V,Vss = -6to-12V 

Maximum Load 

RL = 3kQ,CL = 2500pF 

Vdd = +12 V, Vss = -12 V 

Vdd = +5V,Vss = -5V 


SR 




±9 


±30 


V/^s 


4 


- 


- 



Receivers (Cl = 50 pF) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Propagation Delay Time D01-D03 
Low-to-High 

High-to-Low 


tPLH 


— 


150 


425 


ns 


tPHL 


— 


150 


425 


Output Rise Time D01 -D03 


tr 


— 


250 


400 


ns 


Output Fall Time D01 -D03 


tf 


— 


40 


100 


ns 
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Figure 1 . Power-Off Source Resistance (Drivers) 
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Figure 2. Switching Characteristics 
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PIN DESCRIPTIONS 

Vdd 

Positive Power Supply (Pin 1) 

The most positive power supply pin, which is typically +5 
to+12V. 

Vss 

Negative Power Supply (Pin 8) 

The most negative power supply pin, which is typically -5 
to-12 V. 

Vcc 

Digital Power Supply (Pin 16) 

The digital supply pin, which is connected to the logic 
power supply (maximum +5.5 V). Vqc mi/sf be less than 
or equal to Vdd- 

GND 

Ground (Pin 9) 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232-E connector (Pin 7) as well as to the logic 
power supply ground. 

Rxl, Rx2, Rx3 

Receive Data Input (Pins 2, 4, 6) 

These are the EIA-232-E receive signal inputs whose volt- 
ages can range from (Vdd + 1 5 V) to (Vss - 1 5 V). A voltage 
between +3 and (Vdd + 15 V) is decoded as a space and 
causes the corresponding DO pin to swing to ground (0 V); 
a voltage between -3 and (Vdd - 1 5 V) is decoded as a mark 
and causes the DO pin to swing up to VcQ. The actual turn-on 
input switchpoint is typically biased at 1 .8 V above ground, 
and includes 800 mV of hysteresis for noise rejection. The 
nominal input impedance is 5 kfl. An open or grounded input 
pin is interpreted as a mark, forcing the DO pin to VcQ. 

D01,D02, DOS 

Data Output (Pins 11, 13, 15) 

These are the receiver digital output pins, which swing from 
Vcc to GND. A space on the Rx pin causes DO to produce 
a logic 0; a mark produces a logic 1 . Each output pin is capable 
of driving one LSTTL input load. 

DI1,DI2, DI3 

Data Input (Pins 10, 12,14) 

These are the high-impedance digital input pins to the driv- 
ers. TTL compatibility is accomplished by biasing the input 
switchpoint at 1.4 V above GND. However, 5-V CMOS com- 
patibility is maintained as well. Input voltage levels on these 
pins must be between Vcc ^^^ GND. 

Tx1,Tx2,Tx3 

Transmit Data Output(Pins 3, 5, 7) 

These are the EIA-232-E transmit signal output pins, which 
swing toward Vdd ^i^d Vss- A logic 1 at a Dl input causes 
the corresponding Tx output to swing toward Vss- A logic 
causes the output to swing toward Vdd (the output voltages 
will be slightly less than Vdd or Vss depending upon the out- 
put load). Output slew rates are limited to a maximum of 30 
V per |xs. When the MCI 45406 is off (Vdd = Vss = Vcc = 
GND), the minimum output Impedance is 300 Q. 



Figure 3. Slew Rate Characterization 
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APPLICATIONS INFORMATION 

The MC1 45406 has been designed to meet the electrical 
specifications of standards EIA-232-E and CCITT V.28. EIA- 
232-E defines the electrical and physical interface between 
Data Communication Equipment (DCE) and Data Terminal 
Equipment (DTE). A DCE is connected to a DTE using a cable 
that typically carries up to 25 leads. These leads, referred 
to as interchange circuits, allow the transfer of timing, data, 
control, and test signals. Electrically this transfer requires 
level shifting between the TTLVCMGS logic levels of the 
computerormodemandthe high voltage levels of EIA-232-E, 
which can range from ±3 to ±25 V. The MC1 45406, provides 
the necessary level shifting as well as meeting other aspects 
of the EIA-232-E specification. 
DRIVERS 

As defined by the specification, an EIA-232-E driver 
presents a voltage of between ±5 to ±15 V into a load of 
between 3 to 7 kQ. A logic 1 at the driver input results in a 
voltage of between -5 to -1 5 V. A logic results in a voltage 
between +5 to + 1 5 V. When operating Vqd and Vss at ±7 to 
±12 V, the MCI 45406 meets this requirement. When 
operating at ±5 V, the MCI 45406 drivers produce less than 
±5 V at the output (when terminated), which does not meet 
EIA-232-E specification. However, the output voltages when 
using a ±5 V power supply are high enough (around ±4 V) 
to permit proper reception by an EIA-232-E receiver, and can 
be used in applications where strict compliance to EIA-232-E 
is not required. 

Another requirement of the MCI 45406 drivers is that they 
withstand a short to another driver in the EIA-232-E cable. 
The worst-case condition that is permitted by EIA-232-E is 
a ±15 V source that is current limited to 500 mA. The 
MCI 45406 drivers can withstand this condition momentari- 
ly. In most short circuit conditions the source driver will have 
a series 300 Q output impedance needed to satisfy the 
EIA-232-E driver requirements. This will reduce the short 
circuit current to under 40 mA which is an acceptable level 
for the MCI 45406 to withstand. 

Unlike some other drivers, the MCI 45406 drivers feature 
an internally-limited output slew rate that does not exceed 30 
V per |xs. 
RECEIVERS 

The job of an EIA-232-E receiver is to level-shift voltages 
in the range of -25 to +25 V down to TTiyCMOS logic levels 
(0 to +5 V). A voltage of between -3 and -25 V on Rxl is 
defined as a mark and produces a logic 1 at D01 . A voltage 
between +3 and +25 V is a space and produces a logic zero. 
While receiving these signals, the Rx inputs must present a 
resistance between 3 and 7 kQ. Nominally, the input resistance 
of the Rx1-Rx3 inputs is 5.4 kQ. 

The input threshold of the Rxl -Rx3 inputs is typically biased 
at 1.8 V above ground (GND) with typically 800 mV of 
hysteresis included to improve noise immunity. The 1 .8 V bias 



forces the appropriate DO pin to a logic 1 when its Rx input 
is open or grounded as called for in the EIA-232-E 
specification. Notice that TTL logic levels can be applied to 
the Rx inputs in lieu of normal EIA-232-E signal levels. This 
might be helpful in situations where access to the modem or 
computer through the EIA-232-E connector Is necessary with 
TTL devices. However, it is important not to connect the 
EIA-232-E outputs (Tx1-Tx3) to TTL inputs since TTL 
operates off + 5 V only, and may be damaged by the high output 
voltage of the MCI 45406. 

The DO outputs are to be connected to a TTL or CMOS 
input (such as an input to a modem chip). These outputs 
will swing from Vcc to ground, allowing the designer to 
operate the DO and Dl pins from digital power supply. The 
Tx and Rx sections are independently powered by Vqd and 
Vss so that one may run logic at +5 V and the EIA-232-E 
signals at ±12 V. 
POWER SUPPLY CONSIDERATIONS 

Figure 4 shows a technique to guard against excessive 
device current. 

The diode Dl prevents excessive current from flowing 
through an internal diode from the Vcc P'" to the Vqd P'" 
when Vdd < VcC by approximately 0.6 V. This high current 
condition can exist for a short period of time during power 
up/down. Additionally, if the + 12 V supply is switched off 
while the + 5 V is on and the off supply is a low impedance 
to ground, the diode Dl will prevent current flow through 
the internal diode. 

The diode D2 is used as a voltage clamp, to prevent Vss 
from drifting positive to Vcc. '" the event that power is 
removed from Vss (P'" 12). If Vss power is removed, and 
the impedance from the Vss P'" to ground is greater than 
approximately 3 kQ, this pin will be pulled to Vcc by internal 
circuitry causing excessive current in the Vcc P'"- 

If by design, neither of the above conditions are allowed 
to exist, then the diodes Dl and D2 are not required. 

ESQ PROTECTION 

ESD protection on IC devices that have their pins accessible 
to the outside world is essential. High static voltages applied 
to the pins when someone touches them either directly or 
indirectly can cause damage to gate oxides and transistor 
junctions by coupling a portion of the energy from the I/O pin 
to the power supply buses of the IC. This coupling will usually 
occur through the internal ESD protection diodes. The key to 
protecting the IC is to shunt as much of the energy to ground 
as possible before it enters the IC. Figure 4 shows a technique 
which will clamp the ESD voltage at approximately ±15 V 
using the MMVZ15VDLT1. Any residual voltage which 
appears on the supply pins Is shunted to ground through the 
capacitors C1-C3. This scheme has provided protection to 
the interface part up to ± 10 kV, using the human body model 
test. 
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Figure 5. 5-V 300-Baud Modem with EIA-232-E Interface 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 45406 
2-711 



MC34119 
SPEAKER 
DRIVER 



CONNECTION 

TO EXTERNAL 

TERMINAL 

OR PC 



MC1 45406 
RS-232 
DRIVER 

RECEIVER 



MC145503 
FILTER/ 
CODEC 



MC1 4541 2/1 3/1 6 

PULSE/TONE 

DIALER 



RINGING 



MC145428 

DATA 

SET 
INTERFACE 



+ 5V- 
GND- 
-5V- 



MC1 45426 
UDLT 



SYNC 



MC34129 

SWITCHING 

POWER 

SUPPLY 

(ISOLATED) 



HOOKSWITCH 




LINE 
FILTER 



Figure 6. Line-Powered Voice/Data Teieptione with Electrically Isolated EIA-232-E Interface 
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Advance Information 
S-Volt-Only Driver/Receiver 

EIA-232-E and CCITT V.28 

The MC1 45407 is a silicon-gate CMOS IC that combines three drivers and 
three receivers to fulfill the electrical specifications of EIA-232-E and CCITT V.28 
while operating from a single +5 V power supply. A voltage doubler and inverter 
convert the +5 V to ±10 V. This is accomplished through an on-board 20-kHz 
oscillator and four inexpensive external electrolytic capacitors. The three drivers 
and three receivers of the MC1 45407 are virtually identical to those of the 
MC1 45406. Therefore, for applications requiring more than three drivers and/or 
three receivers, an MC1 45406 can be powered from an MC1 45407, since the 
MC1 45407 charge pumps have been designed to guarantee ± 5 V at the out- 
put of up to six drivers. Thus, the MC1 45407 provides a high-performance, 
low- power, stand-alone solution or, with the MC1 45406, a +5 V only, high- 
performance two-chip solution. 



Drivers 

• ±7.5 V Output Swing 

• 300-Q Power-Off Impedance 

• Output Current Limiting 

• TTL and CMOS Compatible Inputs 

• Slew Rate Range Limited from 
4 V/^is to 30 V/^is 

Receivers 

• +25 V Input Range 

• 3 to 7 kQ Input Impedance 

• 0.8-V Hysteresis for Enhanced 
Noise Immunity 



Charge Pumps 

• +5 V to ±10 V Dual 
Charge Pump Architecture 

• Supply Outputs Capable of 
Driving Three On-Chip Drivers 
and Three Drivers on the 
MCI 45406 Simultaneously 

• Requires Four Inexpensive 
Electrolytic Capacitors 

• On-Chip 20-kHz Oscillator 



FUNCTION DIAGRAM 
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This document contains infomnation on a new product. Specification and information lierein are subject to cliange witfiout notice. 
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MAXIMUM RATINGS (Voltage polarities referenced to GND) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltages 


vcc 


-0.5 to 6.0 


V 


Input Voltage Range 
Rx1-Rx3 Inputs 
DI1-DI3 Inputs 


V|R 


Vss-15toVDD + 15 
-0.5 to (VCC + 0.5) 


V 


DC Current Per Pin 


1 


±100 


mA 


Power Dissipation 


Pd 


1 


W 


Operating Temperature Range 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-85 to +150 


°C 



This device contains protection circuitry to 
protect the inputs against damage due to high 
static voltages or electric fields; however, it is 
advised that normal precautions be taken to avoid 
application of any voltage higher than maximum 
rated voltages to this high impedance circuit. For 
proper operation, it is recommended that the 
voltages at the Dl and DO pins be constrained to 
the range GND < Vpi < Vqc and GND < Vqo ^ 
Vcc- Also, the voltage at the Rx pin should be 
constrained to (Vss-15 V) < Vrx1-Rx3 - 
(Vdd + 15 V), and Tx should be constrained to 
VsS^Vtx1-Tx3^Vdd- 

Unused inputs must always be tied to appropri- 
ate logic voltage level (e.g., GND or Vcc ^o"" Dl, 
and GND for Rx.) 



DC ELECTRICAL CHARACTERISTICS (All polarities referenced to GND = V; CI , C2, C3, C4 = 1 jiF; Ta = -40 to +85°C) 



Parameter 


Symbol 


Mln 


Typ 


Max 


Unit 


DC Supply Voltage 


Vcc 


4.5 


5 


5.5 


V 


Quiescent Supply Current 
(Outputs unloaded, inputs low) 


'cc 


— 


1.2 


3.0 


mA 


Output Voltage Ijoad = mA 
'load = 5 mA 
l|oad = 10fnA 

lload = mA 
'load = 5 mA 
lload = 10 "TiA 


Vdd 


8.5 
7.5 
6 


10 
9.5 
9 


11 


V 


vss 


-8.5 
-7.5 
-6 


-10 
-9.2 
-8.6 


-11 



RECEIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V; Vcc = +5 V ±10%; CI , C2, C3, C4 = 10 ^iF; Ta = -40 to ■ 



85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Turn-on Threshold Rx1-Rx3 
Vd01-D03 = V0L 


Von 


1.35 


1.8 


2.35 


V 


Input Turn-off Threshold Rx1-Rx3 
Vd01-D03 = V0H 


Voff 


0.75 


1.0 


1.25 


V 


Input Threshold Hysteresis (Von - Voff) Rx1-Rx3 


Vhys 


0.6 


0.8 


— 


V 


Input Resistance Rx1-Rx3 


Rin 


3.0 


5.4 


7.0 


kQ 


High-level Output Voltage D01 -D03 
VRx1-Rx3 = -3Vto-25V 
IOH = -20^A 
l0H = -1 mA 


VOH 


Vcc -0.1 

Vcc -0.7 


4.3 


- 


V 


Low-Level Output Voltage D01-D03 
VRx1-Rx3 = +3Vto+25V 
IqL = +20 |j.A 
lQL = +1.6mA 


Vol 


- 


0.01 
0.5 


0.1 
0.7 


V 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 45407 
2-715 



DRIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V: Vqc = +5 V ±10%; 01 , 02, 03, 04 = 10 ^F; Ta = -40 to +85°0) 



Characteristic 


Symbol 


Min 


Typ 


IVIax 


Unit 


Digital Input Voltage DI1-DI3 
Logic 
Logic 1 


V|L 
VjH 


2.0 


- 


0.8 


V 


Input Current DI1-DI3 
GND<Vdii-DI3^Vco 


lin 


— 


— 


±1.0 


^A 


Output High Voltage Tx1-Tx3 
VDI1-DI3 = Logic 0, Rl = 3.0 kQ Tx1-Tx6* 


VOH 


6 

5 


7.5 
6.5 


— 


V 


Output Low Voltage Tx1-Tx3 
VDI1-DI3 = Logic 1, Rl = 3.0 kfi Tx1-Tx6* 


Vol 


-6 
-5 


-7.5 
-6.5 


— 


V 


Off Source Impedance (Figure 1) Tx1-Tx3 


Zoff 


300 


— 


— 


Q 


Output Short-Circuit Current Tx1-Tx3 
Vcc = +5.5V 

Tx1-Tx3 shorted to GND** 
Tx1-Tx3 shorted to ± 15 V*** 


"SO 


- 


- 


±60 
±100 


mA 



* Specifications for an M01 45407 powering an M01 45406 with three additional drivers/receivers. 
** Specification is for one Tx output pin to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissipation 

limits could be exceeded. 
*** This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (Vqc = +5 V ±10%; 01, 02, 03, 04 = 10 jiF; Ta = -40 to +85°0; See Figures 2 and 3) 
Drivers 



Characteristic 


Symbol 


Min 


Typ 


IVIax 


Unit 


Propagation Delay Time 
Low-to-High 

Rl = 3 ka Ol = 50 pF or 2500 pF 

High-to-Low 

RL = 3 kQ, Ol = 50 pF or 2500 pF 


Tx1-Tx3 


tPLH 




0.5 


1 


^s 


tPHL 


_ 


0.5 


1 


Output Slew Rate 

Minimum Load: Rl = 7 kfi, Ol = pF 

Maximum Load: Rl = 3 kfi, Ol = 2500 pF 


Tx1-Tx3 


SR 


_ 


9.0 


±30 


V/jis 


4.0 


— 


— 



Receivers (Ol = 50 pF) 



Characteristic 


Symbol 


IVIin 


Typ 


Max 


Unit 


Propagation Delay Time D01-D03 
Low-to-High 

High-to-Low 


tPLH 


_ 


_ 


1 


HS 


tPHL 


— 


— 


1 


Output Rise Time D01-D03 


tr 


— 


250 


400 


ns 


Output Fall Time D01-D03 


tf 


— 


40 


100 


ns 
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17 



En 



Vdd Vcc 

DI1 Tx1 

DI2 Tx2 

DI3 Tx3 

VSS GND 




U 



Vin = ±2V 



Rout = 



Figure 1. Power-Off Source Resistance 



DRIVERS 

DI1-DI3 



J' 



Tx1-Tx3 
tPHL" 



50% 



\ 



V 10% 



tPLH- 



.r 



3V 
OV 

VOH 

Vol 




Figure 2. Switching Characteristics 
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tSLH" 
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tSHL 
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PIN DESCRIPTIONS 

vcc 

Digital Power Supply (Pin 19) 

The digital supply pin, which is connected to the logic power 
supply This pin should have a 0.33-^F capacitor to ground. 

GND 

Ground (Pin 2) 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232-E connector (Pin 7) as well as to the logic 
power supply ground. 

Vdd 

Positive Power Supply (Pin 17) 

This is the positive output of the on-chip voltage doubter 
and the positive power supply input of the driver/receiver 
sections of the device. This pin requires an external storage 
capacitor to filter the 50% duty cycle voltage generated by the 
charge pump. 

vss 

Negative Power Supply (Pin 4) 

This is the negative output of the on-chip voltage 
doubler/ inverter and the negative power supply input of 
the driver/receiversectionsofthe device. This pin requires 
an external storage capacitor to filter the 50% duty cycle 
voltage generated by the charge pump. 

C2+, C2-, CI-, C1+ 

Voltage Doubler and Inverter (Pins 1, 3, 18, 20) 

These are the connections to the internal voltage doubler 
and inverter, which generate the Vqd anci Vss voltages. 

Rxl, Rx2, Rx3 

Receive Data Input (Pins 5, 7, 9) 

These are the EIA-232-E receivesignal inputs. A voltage 
between +3 and +25 V is decoded as a space and causes 
the corresponding DO pin to swing to ground (0 V). A 
voltage between -3 and -25 V is decoded as a mark, and 
causes the DO pin to swing up to VcQ- 

D01,D02, DOS 

Data Output (Pins 16,14,12) 

These are the receiver digital output pins, which swing from 
Vcc to GND. Each output pin is capable of driving one LSTTL 
input load. 

DI1, DI2, DI3 

Data Input (Pins 16,13,11) 

These are the high-impedance digital input pins to the 
drivers. Input voltage levelsonthese pins mustbe between 
Vcc and GND. 

Tx1,Tx2,Tx3 

Transmit Data Output (Pins 6, 8, 10) 

These are the EIA-232-E transmit signal output pins, 
which swing toward Vqd and Vss. A logic 1 at a Dl input 
causes the corresponding Tx output to swing toward Vss- 
A logic causes the output to swing toward Vqd- The 
actual levels and slew rate achieved will depend on the 
output loading (Rl | |Cl). 



Figure 3. Slew Rate Characterization 
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APPLICATIONS INFORMATION 
ESD CONSIDERATIONS 

ESD protection on IC devices that have their pins 
accessible to the outside world is essential. High static 
voltages applied to the pins when someone touches thenfi 
either directly or indirectly can cause damage to gate 
oxides and transistor junctions by coupling a portion of the 
energy from the I/O pin to the power supply busses of the 
10. This coupling. will usually occur through the internal 
ESD protection diodes. The key to protecting the IC is to 
shunt as much of the energy to ground as possible before 
it enters the IC. Figure 7 shows a technique which will 
clamp the ESD voltage at approximately + 1 5 V using the 
MMVZ15VDLT1. Any residual voltage which appears on 
the supply pins is shunted to ground through the 0.1-^iF 
capacitors. 

OPERATION WITH SMALLER VALUE CHARGE PUMP 
CAPS 

The MC1 45407 is characterized in the electrical tables 
iising 10-^iF charge pump caps to illustrate its capability 



in driving a companion MC145406 or MCI 45403. If there 
is no requirement to support a second interface device 
and/or the charge pump is not being used to power any 
othercomponents, the MC145407 is capable of complying 
with EIA-232-E and V.28 with smaller value charge pump 
caps. Table 1 summarizes driver performance with both 
2.2-^F and 1 .0-^F charge pump caps. 

Table 1. Typical Performance 



Parameter 


2.2 ^F 


1.0 HF 


TxVoH@25''C 


7.3 


7.2 


TxVoH@85°C 


7.2 


7.1 


TxVoL@25°C 


-6.5 


-6.4 


TxVoL@85''C 


-6.1 


-6.0 


Tx Slew Rate @25*'C 


B.OV/^s 


8.0V/fis 


Tx Slew Rate @85'»C 


7.0V/^s 


7.0V/JIS 



0-1 ^F io,FJ: y-\\^ 

-U^ 17|+ 1 19 




RING 



Vss BYPASS 



* Line protection circuit 



Figure 4. 5-V, 300-Baud Modem with EIA-232-E Interface 
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Vdd 

Rx1 
Tx1 
Rx2 
Tx2 
Rx3 
Tx3 

vss 



MC145406 



vcc 

D01 
DM 

D02 
DI2 

D03 
DI3 

GND 



-^ 10^F dz 
Ji L 



10 ^iF : 



C2+ C1 + 

GND Vcc 

C2- C1- 

vss Vdd 

-2J Rxi MC145407 d01 
6 



Tx1 
Rx2 
Tx2 
Rx3 
^TX3 



20 



+ 5V 



J 



10 ^F 
10^F 



Figure 5. MCI 45406/MC1 45407 5-V Only Solution for up to Six EIA-232-E Drivers and Receivers 



C4' 



GND 



C2- 



vss 



+ 10V 

ii 



+ 5V 



C1+ 



Vcc 



C1- 



Vdd 



0.1 |lF 
\ 



*-Ih|-| 



0.1 ^iF 



Figure 6. Two Supply Configuration (MC1 45407 Generates Vss Only) 



MMBZ15VDLTx6 




C1- 



D01 



DI1 



DI2 



DI3 



+ 5V 
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CI 



Vqd 



D02 



D03 



C3 






1 



0.1 ^lF 



Figure 7. ESD Protection Scheme 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Bit Rate Generator 



The MC1 45411 bit rate generator is constructed witli complementary IVIOS 
enhancement mode devices. It utilizes a frequency divider network to provide a 
wide range of output frequencies. 

A crystal controlled oscillator is the clock source for the network. A two-bit 
address is provided to select one of four multiple output clock rates. 

Applications include a selectable frequency source for equipment in the data 
communications market, such as teleprinters, printers, CRT terminals, and 
microprocessor systems. 

• Single 5-V (±5%) Power Supply 

• Internal Oscillator Crystal Controlled for Stability (to 4 MHz) 

• 21 Different Bit Rates 

• 9 Different Bit Rate Output Pins 

• Programmable Time Bases for One of Four Multiple Output Rates 

• 50% Output Duty Cycle 

• Buffered Outputs Compatible with Low Power TTL 

• Noise Immunity = 45% of VpD Typical 

• Diode Protection on All Inputs 

• External Clock May be Applied to Pin 1 3 

• Internal Pull-up Resistor on Reset Input 






MCI 45411 




P SUFFIX 

PLASTIC 
CASE 648 



PIN ASSIGNMENT 



13] XTALjn 




] XTALout 






BLOCK DIAGRAM 



RSa" 

rsb- 



CRYSTALjn ' 



*CRYSTALout " 



OSCILLATOR 
CIRCUIT 



RESET - 



DIVIDER 



XI 



X8, 



X16. 



X64^ 



RATE 
SELECT 
LOGIC 



DIVIDERS 



h^ F1 
1-2. F3 



h^F8 



*See Figure 2 for typical 
crystal oscillator circuits 

**When Reset = 0, outputs F1-F8 = 0, output F9 = 1 . 



F9 



Vss = PIN 8 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
Pulse/Tone Repertory Dialer 

Low Power Silicon-Gate CMOS 

The MC145412/13 and MC145512 are silicon gate, monolitliic CMOS 
intergrated circuits which convert keyboard inputs into either pulse or DTMF 
outputs. They are packaged in a standard 18-pin (0.3'' wide) plastic DIP. 

• 3x4 or 4x4 Keyboard Compatibility Which Allows the Use of 2-of-7, 2-of-8, 
or Form A Type Keyboards 

• MCI 4541 3 Adds Keyboard Selectable Pause Switch Function 

• Single Pin Switchable Between DTMF, 10 pps and 20 pps 

• 500-Hz Tone Signal Output in the Pulse Dialing Mode 

• Memory Storage for Ten 18-Digit Numbers, Including Last Number Redial 

• Uses 3.579545-MHz Colorburst Crystal 

• Telephone Line Powered 

• Silicon Gate CMOS Technology for 1.7 to 5.5 V Low Power Operation 

• Stand Alone DTMF Dialer/Stand Alone Pulse Dialer 

• Mute Output Used to Isolate Receiver from Dialing Output 

• Memory Programming Options by Keyboard Configuration 



MCI 4541 2 
MCI 4541 3 
MCI 4551 2 
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PLASTIC 
CASE 707 



ORDERING INFORMATION 



MC1454XX 



L 



Suffix Denotes 



P Plastic DIP 

4 40/60 M/B Ratio 

5 32/68 M/B Ratio 



BLOCK DIAGRAM 



PIN ASSIGNMENT 




TSO' 



MS " 



COL 4 ■ 
COTT ■ 
C0L2 • 
C0L3 • 
ROWT- 
ROW2 • 

R0W3 • 
R0W4 ■ 

OH 

OSCin ■ 
OSCout ' 



TONE 
SIGNAL 



DEBOUNCE 
COUNTER 



KEYBOARD 
INTERFACE 

AND 
DECODE 



DATA 
LATCH 



CONTROL 
LOGIC 



OSC 



> DIVIDER 



■^ COLUMN 
» l TONE GEN 



3^ 



ROW 
TONE GEN 



D/A 

CONVERSION 

& MIXING 



ADDRESS 
LATCH 



RAM 



rz 



PULSE 

AND MUTE 

OUTPUT 

LOGIC 



READ/WRITE 
COUNTER 



^ 17 
^ 11 



DTMF OUT 



OPL 



11 

— MO 



TIMER/ 
COUNTER 

I 



Vdd = PIN 1 
Vss = PIN 6 



This document contains information on a new product. Specification and information herein are subject to change without notice. 
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ABSOLUTE MAXIMUM RATINGS (Vss = V) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd 


- 0.5 to + 8.0 


V 


Operating Temperature 


Ta 


-30to + 60 


°C 


Storage Temperature 


Tstg 


-65 to +150 


°c 


DC Current Drain Per Pin 


1 


10 


mA 


Maximum Voltage 

On Any Pin Relative to Vss 
On Any Pin Relative to Vdd 


V|n1 
Vin2 


-0.5 
+ 0.5 


V 



ELECTRICAL CHARACTERISTICS (Ta= -30 to +60°C, Vdd = 2.5 V, Vss = V, Unless Otherwise Noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


DC Supply Voltage Pulse Mode 

DTMF Mode 


Vdd 


2.0 
2.5 


_ 


5.5 
5.5 


V 


Operating Current Pulse Mode (MS = Vdd) 

DTMF Mode (MS = Vss) 


'dd 


— 


0.25 
1.0 


0.7 
2.0 


mA 


Memory Retention Voltage 


Vstby 


1.7 


— 


— 


V 


Memory Retention Current (Vd d = 1 -7 V) 

(Vdd = 2.5 V) 


'stby 


— 


1.0 

1.2 


2.0 
2.5 


^A 


Input Voltage, Row/Column/OH "0" Level 

"1" Level 


V|L 
V|H 


0.8 Vdd 


— 


0.2 Vdd 


V 


Row Column Input Impedance To Vdd 

To Vss 


Zin 


_ 


100 
2 


— 


kQ 


OH Pull-Up Resistance 


R 


— 


50 


— 


kQ 


Input Capacitance (All Inputs) 


Cin 


— 


10 


— 


PF 


MS Pin Input Impedance 


Zin 


50 


200 


— 


kQ 


Output Sink Current (Vdd = 2.5 V) TSO Pin 

MO Pin 

OPL Pin 

(Vdd = 4.0) MO Pin 

OPL Pin 


lOL 


0.5 
1.0 
1.0 
3.0 
4.5 


0.7 
2.0 
2.0 


- 


mA 


TSO Output Source Current (Vout = 2.0 V) 


'OH 


0.5 


0.7 


— 


mA 


Output Leakage Current MO, OPL Pins 


'ikg 


— 


— 


1.0 


^lA 


DTMF Output Level Referenced to Vdd/2 Row Tone 
(Vdd = 2.5 to 4.0 V, Rl= 600 1^ to Vdd) column Tone 


Vout 


260 
330 


310 
390 


370 
460 


mVrms 


DTMF Output Tone Leakage (Vdd = 3.5, Rl = 600 Q, 300 to 4000 Hz) 




— 


— 


-80 


dBm 


DTMF Output Tone Distortion (Vdd = 3.5, Rl = 600 fi. 300 to 4000 Hz) 




— 


— '^ 


5 


% 


Pre-Emphasis 




1 


2 


2.5 


dB 


DTMF Output Leakage Current While Not Dialing Tones (Vdd = 2.5 V) 




— 


— 


1.0 


^lA 


DTMF Output Sink Current While Dialing Tones 




20 


— 


— 


liA 
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SWITCHING CHARACTERISTICS (Ta = 25°C, Vdd = 2.5 V, Osc. Freq.= 3.579545 MHz, Unless Otherwise Noted) 



Characteristic 


Symbol 


MIn 


Typ 


Max 


Unit 


Row/Column Scan Frequency 


f 


— 


250 


— 


Hz 


Key Debounce Time 


tDB 


16 


— 


20 


ms 


DTMF Tone Duration for Keypad Dialing 


twi 


60 


78 


- 


ms 


DTMF Tone Duration for Memory Dialing 


tw2 


90 


102 


110 


ms 


Inter-Digit Pause Time DTMF (Memory Dialing) 

Pulse 10 pps 
20 pps 


t|D 


90 


98 


110 


ms 


0.8 
0.4 


1.0 
0.5 


1.2 
0.6 


s 


MS Pin Scan Rate 


trms 


— 


1 


— 


kHz 


Make/Break Ratio MCI 4541 2/1 3 
(MC = Open or Vqd) MC145512 


MBR 


— 


40/60 
32/68 


— 


% 


Outpulsing Rate MS = Open 

MS = Vdd 


fOPL 


_ 


10 
20 


— 


pps 


MUTE Output (MO) Overlap Time 


tMO 


— 


2 


— 


ms 


TSO Output Frequency 


h-so 


— 


500 


— 


Hz 


TSO Output Duration 


'TSO 


35 


- 


40 


ms 


DTMF Cycle Time (Memory Dialing 

(Keypad Dialing) 




— 


5 
10 


— 


tones/s 


DTMF Frequency Deviation 




— 


— 


+ 1.0 


% 


Predigit Mute 

MC145412/13 Pulse 10 pps 

20 pps 

MCI 4551 2 Pulse 10 pps 

20 pps 
DTMF 


td 




40 
20 
32 
16 

1 


_ 


ms 



PIN DESCRIPTIONS 

Vdd. Vss 

Power Supply (Pins 1, 6) 

DC power is supplied to the part on these two pins, with Vdd 
being the most positive. Permissible ranges are from 1 .7 to 
5.5 V. 

MS 

Mode Select (Pin 10) 

The MS pin is a three-state input for switching between 
DTMF, 10 pps, and 20 pps dialing modes. Mode selection is 
done during the first key entry debounce period after the dialer 
has completed a dialing sequence or has just come off hook. 
When this pin is not scanned it Is high impedance. 

This pin is a combination input and weak output. The input 
circuitry has the capability to determine each of these three 
states. When the pin is open, the weak driver will be able to 
clock the pin at 1 kHz. The relationship between pin input 
voltage and operating mode is shown in Table 1 . 

Table 1 . Mode Select Options 



MS 


Dialing Mode 


Vdd 


20 pps Pulse Dialing 


Open 


10 pps Pulse Dialing 


Vss 


DTMF Dialing 



OH 
On-Hook(Pin12) 

Connecting the OH pin to Vdd or allowing it to float sets 
the device in the On-hook mode. Connecting this pin to Vss 
selects the Off-hook mode. When in the On-hook mode, 
repertory memory can be programmed without a dialing 
output. 

TSO 

Tone Signal Output (Pin 7) 

TSO emits 500-Hz tone signals after valid key inputs are 
accepted providing audio feedback for key depressions 
(except when DTMF tones are generated). This pin also 
outputs a tone during on-hook programming. 

DTMF OUT 

Dual Tone Multifrequency Output (Pin 18) 

When the MS pin is set to Vss the DTMF OUT pin outputs 
tones corresponding to the row and column of the key de- 
pressed. Simultaneously depressing two or more keys in a 
single row (or column) will generate the corresponding row (or 
column) tone on 4 x 4 keypad mode only. 

In pulse dialing mode (MS = Vdd or ^'oat) and during on- 
hook programming this pin is high impedance. While output- 
ting tones, this pin has a dc bias at (Vdd ~ Vss)/2. DTMF OUT 
is an open-drain output requiring an external pull-up to Vdd- 
This pull-up resistor must satisfy the instantaneous current 
requirements of the internal feedback network in addition to 
the load applied to the pin. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 4541 2.MC1 4541 3.MC1 4551 2 
2-723 



OPL 

Outpulsing (Pin 17) 

This pin outputs pulses at 1 pps (MS is open) or 20 pps 
(MS = Vdd)- The MC145412/13 have a make/break ratio of 
40/60, while the MC145512 has a make/break ratio of 32/68. 
In the DTMF dialing mode (MS = Vss). this output is high im- 
pedance. During on-hook programming this pin will not 
outpulse. This pin is an open drain N-channel output which 
pulls low to break the loop current. 

MO 

Mute Output (Pin 11) 

The Mute Outp ut is a n open drain N-channel output that 
pulls to Vss during OPL outpulsing and during off-hook key de- 
pressions and memory dialing in DTMF mode. 



COL 1-COL 4 and ROW 1-ROW 4 

KEYBOARD INPUTS (Pins 2, 3, 4, 5, 13, 14, 15, 16) 

The keyboard inputs allow either a single contact (Class A) 
keyboard, or a standard 2-of-8 or 2-of-7 keyboard with Vss 
tied to common. A valid key entry occurs when either a single 
row is tied to a single column, or a single row and column are 
simultaneously connected to Vss- Connecting pin 2, COL 4, 
to Vdd sets the part to 3 x 4 keyboard mode. Keyboard mode 
selection is performed during application of power. 

Typical keyboard configurations are shown in Figure 1. 

OSCjn, OSCout 

Oscillator Input and Oscillator Output (Pins 8, 9) 

A 3.579545-MHz crystal is required as the frequency refer- 
ence for the on-chip oscillator. Crystal biasing is accomplished 
by an internal resistor and capacitors. 

GENERAL DEVICE DESCRIPTION 

The MC145412/MC145512 and the MC145413 provide 
users with switchable pulse and DTMF dialing functions. The 
MC1 4541 2/MC1 4551 2 change dialing modes via the MS pin. 
The MC145413 allows users to switch dialing modes via the 
keyboard in addition to the MS pin. All devices have 10 
memories, LNR (last number redial) inclusive, each 18 digits 
long. 

On application of power, there is a 64-ms initialization period 
during which the oscillator is ena bled and the keyboard inputs 
are disabled. During ini tializati on COL 4 is scanned to set the 
keyboard mode. If the COL 4 input is high (Vqd). the dialer 
is set to the 3 X 4 keypad mode; othen/vlse, the 4 x 4 keypad 
mode is selected. Changing modes is not possible after this 
initialization period. 

During normal dialing, the oscillator starts when a key is 
depressed. The key input is debounced for 32 ms. During this 
debounce period the RAM and dialing circuits are disabled 
and the mode select pin is scanned to determine the dialing 
mode (either 10 pps, 20 pps, or DTMF). After debounce, the 
keypad entry is checked and the input is latched into LNR 
memory followed by a stop code. This process continues until 
18 digits have been entered. If a 19th digit is entered, it will 
over-write the first digit and will be followed by a stop code. 
When dialing, the device fetches data from memory until a 
stop code is encountered or 18 digits have been dialed. 

During manual DTMF dialing, a minimum tone duration of 



60-ms DTMF is output and will continuously output in 32-ms 
increments as long as the key is depressed. The DTMF OUT 
pin is designed to drive an external PNP transistor which can 
be used to modulate tip and ring voltage at the DTMF 
frequencies. 



CLASSA(SPST) 

_L 

COL O O ROW 



STANDARD 2-OF-7(DPST) 

■O O COL 

vssH _L 

ROW 



-a 



STANDARD 2-OF-7(DPST) Vqd 
—I— Vss 

"1' 



C- 



• COL 



■COL 



-ROW 



Vdd 
Vss ■ 



• ROW 



Figure 1. Keyboard Configurations 

If the first key is for redial or recall, the device will respond 
accordingly, either redialing the last number entered, or 
recalling and dialing the number selected by a subsequent 
key depression. Responses to dialing sequences for 4 x 4 
key-boards are shown in Figure 2, and 3x4 keyboard 
responses are shown in Figure 3. 

The MCI 4541 2 series can be configured with an external 
battery to provide memory retention power and allow on-hook 
programming of the repertory memory. If the part is in the 
on-hook mode and a key is depressed, the oscillator will start 
and the key entry will be stored in the last number redial 
memory. Dialing outputs will not be activated while the device 
is in the on-hook condition. Dialing inputs will be stored in last 
number redial memory, as during off-hook operation. After the 
number has been entered in the on-hook mode, it can be 
stored in repertory memory. For the 4 x 4 keyboard, pressing 
the STORE key (* for 3 x 4 keyboard), followed by a digit (1 
through 9) will store the number in the repertory memory 
location specified by the digit. 

The RECALL key for the 4 x 4 keypad is used to recall and 
dial numbers stored in the repertory memory. The digit 
immediately following the RECALL key designates the 
memory location of the number to be auto-dialed. For the 4 
X 4 keyboar d, a last number r edial can be accomplished if the 
RED/P key (COL 4, ROW 1) is the first key depressed after 
an on-hook to off-hook transition. Otherwise the RED/P key 
will effect a 4 second pause. If the pulse mode is selected, 
redial can be accomplished if the first key depressed on a 
transition to off-hook Is #. For the 3x4 keyboard, redial occurs 
if the first key depres sed is * ,0. 

The PAUSE key (COL 4, ROW 2) for the MCI 4541 2/ 
MCI 455 1 2 will ca use a 4 second pause. The PAUSE/S key 
(COL 4, ROW 2) is a feature offered on the MC145413. 
Depressing this key will cause a 4 second delay, and will switch 
dialing modes, PAUSE (and PAUSE/S) is stored in memory 
for pauses (and mode switching) during auto-dialing. 



MC1 4541 2.MC1 4541 3.MC1 4551 2 
2-724 



MOTOROLA COMMUNICATIONS DEVICE DATA 



1 . MANUAL DIALING - OFF-HOOK (PULSE OF DTMF MODE) 



D1 


D2 


D3 



DN 



ALL DIGITS ENTERED WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL DIAL OUT THE DTMF SIGNAL IN TONE MODE ONLY. 
2. MANUAL DIALING WITH AUTO ACCESS PAUSE - OFF-HOOK (PULSE OR DTMF MODE) 



D1 




DN 




RED/P 


DX 




DY 












D1 




DN 


PAUSE 


DX 


DY 












D1 




DN 




* 


DX 




DY 



MC145412/MC1455120NLY 
PULSE MODE ONLY 



THE AUTO ACCESS PAUSE WILL NOT OCCUR DURING MANUAL DIALING IN DTMF MODE. IT IS RETRIEVED DURING RECALL OR REDIAL. 
3. STORING NUMBERS INTO MEMORY - ON-HOOK/OFF-HOOK (PULSE OR DTMF MODE) 

A= 1-9 MEMORY ADDRESS 



D1 



DN 



STORE 




A 



THIS OPERATION TRANSFERS THE DIGITS D1 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY "A". DIALING 
OUTPUTS ARE NOT ACTIVATED DURING ON-HOOK PROGRAMING 

4. MEMORY REDIAL - OFF-HOOK (PULSE OR DTMF MODE) 

A= 1-9 MEMORY ADDRESS 



RECALL 



5. LAST NUMBER REDIAL - OFF-HOOK (PULSE OR DTMF MODE) 



RED/P 



OR 



PULSE MODE ONLY 
REDIALS THE NUMBER THAT WAS PREVIOUSLY ENTERED INTO THE LAST NUMBER REDIAL REGISTER. 

6. PULSE-TO-TONE MODE SWITCH -OFF-HOOK (PULSE OR DTMF MODE) 

' ' MCI 4541 3 ONLY 



D1 




DN 


PAUSE/S 


DX 




DY 



7. CASCADED DIALING - OFF-HOOK (PULSE OR DTMF MODE) 



D1 




DN 


^/// 


RECALL 


A 














RECALL 1 A1 


///y 


RECALL 


1 A2 
















RED/P 


V//j 


RECALL 


A 





CASCADE MANUAL DIALING WITH RECALL 
A= 1-9 MEMORY ADDRESS 
CASCADE MEMORY RECALLS 
A1,A2= 1-9 MEMORY ADDRESSES 

CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL 
A= 1-9 MEMORY ADDRESS 



^//A WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE. 
8. SIGNALING* AND # TONES -OFF-HOOK (DTMF MODE ONLY) 







OUTPUTS* TONE 














# 


OUTPUTS # TONE 






C0L1 




4X4 K 
COL 2 


BY 


MATRIX 
COL 3 


COL 4 




697 Hz 


1 




2 


3 


1 RED/P 


R0W1 


















770 Hz 


4 




5 




6 




PAUSE 


ROW 2 




















852 Hz 


7 




8 




9 




STORE 


ROW 3 




















941Hz 


* 







# 


RECALL 


ROW 4 




1209 
Hz 




1336 
Hz 


1477 
Hz 







MC145413 PAUSE/S KEY FOR PAUSE & 
SWITCHING DIALING MODES 



Figure 2. 4 x 4 Keyboard Dialing Sequences 



MOTOROLA COMMUNICATIONS DEVICE DATA 
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1 . MANUAL DIALING - OFF-HOOK (PULSE OF DTMF MODE) 



D1 



jlJI 



D3 



DN 



ALL KEY ENTRIES EXCEPT * AND # WILL BE STORED IN THE LAST NUMBER REDIAL REGISTER. PRESSING * OR # WILL NOT DIAL OUT THE DTMF SIGNAL 
IN TONE MODE. FOR SIGNALING, * OR # SHOULD BE PRESSED TWICE. 

2. MANUAL DIALING WITH AUTO ACCESS PAUSE - OFF-HOOK (PULSE OR DTMF MODE) 



D1 



DN 



D1 



DN 



DX 



DY 



DX 



DY 



PULSE MODE ONLY 



THE AUTO ACCESS PAUSE WILL NOT OCCUR ON MANUAL DIALING IN DTMF MODE. IT IS RETRIEVED DURING RECALL OR REDIAL. 
3. STORING NUMBERS INTO MEMORY - ON-HOOK (PULSE OR DTMF MODE) 



D1 




DN 




* 




A 



A= 1-9 MEMORY ADDRESS 

THIS OPERATION TRANSFERS THE DIGITS D1 TO DN FROM THE LAST NUMBER REDIAL REGISTER TO AN ADDRESS SPACE SPECIFIED BY "A". 

4. MEMORY REDIAL - OFF-HOOK (PULSE OR DTMF MODE) 

A= 1-9 MEMORY ADDRESS 

5. LAST NUMBER REDIAL -OFF-HOOK (PULSE OR DTMF MODE) 



A 







THIS OPERATION REDIALS THE LAST NUMBER ENTERED OFF-HOOK AND RETRIEVES DATA FROM MEMORY ADDRESS 0. 
6. PULSE-TO-TONE MODE SWITCH - OFF-HOOK (PULSE OR DTMF MODE) 



D1 



DN 



MANUAL SWITCH 


DX 



DY 



MODE SELECT (MS) PIN HAS TO BE MANUALLY SWITCHED TO DETERMINE THE DIALING MODE. DIALING MODE SELECTION WITH MANUAL SWITCH IS 
NOT PROGRAMMED INTO THE LAST NUMBER REDIAL MEMORY 



7. CASCADED DIALING - OFF-HOOK (PULSE OR DTMF MODE) 



D1 




DN 




* 


A 












* 


A1 


O^XX 


* 


A2 










* 





/^xy> 


* 


A 



CASCADE MANUAL DIALING WITH RECALL 
A= 1-9 MEMORY ADDRESS 

CASCADE MEMORY RECALLS 
A1 , A2 = 1-9 MEMORY ADDRESS 

CASCADE LAST NUMBER REDIAL WITH MEMORY RECALL 
A=: 1-9 MEMORY ADDRESS 



YXy^y WAIT UNTIL PREVIOUS REDIAL OR RECALL SIGNALS HAVE BEEN SENT BEFORE SUBSEQUENT ENTRIES ARE MADE. 
8. SIGNALING * AND # TONES - OFF-HOOK (DTMF MODE ONLY) 





* 


* 


OUTPUTS 
OUTPUTS 

^TRIX 

COL 3 
3 


TONE 












# 


1 ^ 


»TONE 




3x4 KEY M; 
C0L1 COL 2 




697 Hz 


1 


2 


R0W1 












770 Hz 


4 


5 


6 


ROW 2 










852 Hz 


7 


8 


9 


ROW 3 












941Hz 


• 1 





# 


ROW 4 




1209 
Hz 


1336 
Hz 


1477 
Hz 





Figure 3. 3 x 4 Keyboard Dialing Sequences 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



HOOK SWITCH 

KEY INPUTS 

TSO 
(PULSE DIAL) 

TSO 
(DTMFDIAL) 

3.579545 MHz 
COL. SCAN 
ROW SCAN 

PULSE MODE 

OPL 
MO 

DTMFMODE 

DTMFOUT 



1 



OFF-HOOK 



ON-HOOK 



DIGIT "2" I 



DIGIT "1" r 






500 Hz 



tTSO 



K 



OSCILLATION 



250 Hz \ I 

jIMJUllUMJUl- -MJUL 

I I I 
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C 
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M. 
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Figure 4. Timing Diagram 



MOTOROLA COMMUNICATIONS DEVICE DATA 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Dual Tlinable Low-Pass 
Sampled Data Filters 

The MC1 4541 4 is sampled data, switched capacitor filter 10 intended to provide 
band limiting and signal restoration filtering. It Is capable of operating from either 
a single or split power supply and can be powered-down when not In use. Included 
on the IC are two totally uncommitted op amps for use elsewhere in the system 
as l-to-V converters, gain adjust buffers, etc. 

• Two General Purpose 5th Order Elliptic Low-Pass Filters 

• Low Operating Power Consumption — 30 mW (Typical) 

• Power Down Capability — 1 mW (Maximum) 

• ±5 to ±8 V Power Supply Ranges 

• TTL or CMOS Compatible Inputs Using Vls P'" 

• Two Operational Amplifiers Available to Reduce Component Count 

• Useful in LPC or CVSD Speech Applications 

• Passband Edges Tunable With Clock Frequency From 1 .25 kHz to 10 kHz 
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MCI 4541 4 




L SUFFIX 

CERAMIC 
CASE 620 



P SUFFIX 

PLASTIC 
CASE 648 



PIN ASSIGNMENT 


Vag ^ 


^• 16 


] Vdd 


+A [ 


2 15 ] Ain 1 


-A[ 


3 14 


1 Aout 


AO [ 4 13 


] Bin 


BO [ 


5 12 


] Bout 


-B [ 


6 11 


] CLK1 


+B [ 


7 10 


] CLK2 


vss C 


8 9 


] Vls 


ORDERING INFORMATION 


MCI 4541 4 Suffix Denotes 

L Ceramic Package 
' P Plastic Package 



BLOCK DIAGRAM 
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-A 
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BO 

-B 
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TIMING 
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Bout 
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Vls 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Dual TUnable Linear Phase 
Low-Pass Sampled Data Filters 

The MC1 4541 5 is sampled data, switched capacitor filter 10 intended to provide 
band limiting and signal restoration filtering. It is capable of operating from either 
a single or split power supply and can be powered-down when not in use. Included 
on the 10 are two uncommitted comparators for use elsewhere in the system. 

• Two Linear Phase, 5th Order Low-Pass Filters 

• Low Operating Power Consumption — 20 mW (Typical) 

• ± 2.5 to ± 8 V Power Supply Ranges 

• CMOS Compatible Inputs Using Vdg P'" 

• Two Comparators Available to Reduce Component Count 

• Useful in High Speed Data Modem Applications 

• Pass-Band Edges Tunable With Clock Frequency from 1 .25 kHz to 10 kHz 



MCI 4541 5 




L SUFFIX 

CERAMIC 
CASE 620 



P SUFFIX 

PLASTIC 
CASE 648 



^ ^ ^5-%; 



w^. 
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s^ 
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BLOCK DIAGRAM 



Loop 
^out 



^5 Y7 1 










14 


M 




riiier a 
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( 




10 


11 1 Y 


I , 


1 


• Aa 


' 








12 7^ 




13 








rmer d 







Aout 



Vag 




Vdg = PIN 9 

Vdd = PIN16 
Vss = PIN8 



PIN ASSIGNMENT 


VagC 


1» 16 


] Vdd 


+ AC 


2 15 


] Ain 


-A[ 


3 14 


] Aout 


A0[ 


4 13 


] Bin 


B0[ 


5 12 


] Bout 


-B[ 


6 11 


] Loop 


+ BC 


7 10 


] CLK 


vssi: 


8 9 


] Vdg 


ORDERING INFORMATION 


MCI 4541 5 Suffix Denotes 


— L Ceramic Package 


' — P Plastic Package 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance cir- 
cuit. For proper operation it is recommended 
that Vjn and Vout be constrained to the range 
VsS^(VinOrVout)^VDD- 

Unused inputs must always be tied to an ap- 
propriate logic voltage level (e.g., either Vss or 

Vdd). 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Tone/Pulse Dialer with 

10 Number i\/lemory 

Plus 3 Emergency Numbers 

Low-Power, Silicon-Gate CMOS 

The MCI 4541 6 is a member of the Motorola HCMOS dialer family. In addition 
to the necessary basic features of pulse, tone, or mixed dialing, and 10 x 18 digit 
memories Inclusive of LNR, it provides the advanced features of flash, 3x18 
dedicated memories, signal output inhibited during memory storage, note pad 
programming, and convenient operation sequence by 5 x 4 keyboard Interface. 

The power-on memory reset has the highest priority If the voltage drops below 
the minimum voltage level, regardless of hook switch status, to ensure no wrong 
data in memory content. 

The pin-out is compatible with other members of dialer family except the 
additional two pins at one end of the device (pins 1 and 20). 

Options: MCI 4541 6-1 40/60 make-break ratio with indefinite pause 
MCI 4541 6-2 33/67 make-break ratio with 4-ms pause 

The MCI 4541 6 offers the following performance features: 

• Stand-Alone Pulse, DTMF, or Mixed Dialing 

• Pacifier Tone Output at Pulse Dialing 

• Dialing Mode, Pin Selectable, and Changed by Keyboard Entry 

• Uses Low Cost 3.57954-MHz TV Color Burst Crystal 

• PABX Pause Storage 

• Cascaded Memory Redlal and Dialing Mode Storage 

• Dialing Mode Indication Output for Driving an LED 

• 10x8 Digit Memory Storage Inclusive of LNR plus 3x8 Digit Dedicated 
Memory 

• 40/60 Make Break Ratio, 33/67 In Metal Option # 

• Flash Function for Transfer Call In a PABX Environment 



MCI 4541 6 




P SUFFIX 

PLASTIC 
CASE 738 

DW SUFFIX 

SOG 
CASE 751 D 



PIN ASSIGNMENT 


Ml[ 


1* 20 


]R1 


Vdd[ 


2 19 


] DTMF OUT 


C4[ 


3 18 


]P0 


01 [ 


4 17 


] R2 


02 [ 


5 16 ] R3 


03 [ 


6 15 


]R4 


vss[ 


7 14 ] R5 


PT0[ 


8 13 


] HS 


XI [ 


9 12 


] MO 


X2[ 


10 11 


] MS 









BLOCK DIAGRAM 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



ABSOLUTE MAXIMUM RATING (Voltages referenced to GND, except where noted) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to +8.0 


V 


Input Voltage (All Pins) 


Vin 


-0.5 to Vdd +0.5 


V 


DC Current Drain per Pin 


1 


±10 


mAdc 


Power Dissipation 


Pd 


30 


mW 


Operating Temperature Range 


ta 


-30 to +70 


°C 


Storage Temperature Range 


Tstg 


-40 to + 150 


°C 



This device contains circuitry to protect the in- 
puts against damage due to high static voltages 
or electrical fields; however, it is advised that 
normal precautions be taken to avoid applica- 
tions of any voltage higher than the maximum 
rated voltages to this high impedance circuit. 
For proper operation it is recommended that Vjn 
and Vout be constrained to the range Vss ^ (Vjn 
or Vout) ^ Vdd- Reliability of operation is en- 
hanced if unused inputs are tied to an appropri- 
ate logic voltage level (e.g., either Vss or Vdd)- 



ELECTRICAL CHARACTERISTICS (All polarities referenced to Vss = V, Vdd = 2.5 V, Unless Otherwise Noted) 




Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


DC Supply Voltage Pulse Mode 

DTMF Mode 


Vdd 


2.0 
2.5 


_ 


6 
6 


V 


Supply Current Pulse Mode (Vdd = 1 -7 V) 

DTMF MODE (Vdd = 2.5 V) 


Idd 


— 


200 
0.5 


500 
2.0 


mA 


Memory Retention Voltage (On-Hook) 


Vstby 


1.7 


— 


— 


V 


Memory Retention Current (On-Hook) (Vdd = 2.5 V) 

(Vdd = 1.7 V) 


'stby 


— 


0.05 


2.5 
2.0 


^lA 


Row/Column (Pins 3, 4, 5, 6, 14, 15, 16, 17, 20) 

Input Voltage "0" Level 
"1" Level 


VjL 
V|H 


0.8 X Vdd 


- 


0.2 X Vdd 


V 


Row/Column Input Impedance To Vdd 
(Pins 3, 4, 5, 6, 1 4, 1 5, 1 6, 1 7, 20) To Vss 


Rin 


— 


100 
5 


— 


kn 


Mode Select Input Impedance (Pin 11) To Vdd 

To Vss 


Rin 


— 


100 
100 


— 


kQ 


OH Pull-Up Resistance (Pin 13) 


R 


— 


50 


— 


kQ 


Input Current MS, HS (Pins 11,13) 


■in 


— 


— 


100 


liA 


Output Sink Current (Vq = 0.5 V) MO (Pin 1 2) 

PO(Pin18) 
Ml (Pin 1) 


lOL 
lOL 
'OH 


0.5 
1.0 
0.25 


1.0 
2.0 
1.5 


— 


mA 


Output Leakage Current (Pins 12, 18) 


'out 


— 


— 


1.0 


^A 


Input Capacitance (All Pins) 


Cin 


— 


10 


— 


PF 


DTO Output Tone Level (Pin 1 9) Row Tone (Rl = 600 Q to Vdd) 

Column Tone (Vdd = 3.5 V) 


vo 


260 
327 


309 
389 


367 
462 


mVrms 


DTO Output Tone Leakage (Pin 1 9) (Vdd = 3.5 V, RL = 600 Q) 


Dbm 


— 


- 


-80 


dBm 


DTO Output Tone Distortion (Pin 1 9) 

(300 Hz-4 kHz, Vdd = 3.5 V, Rl = 600 Q) 




— 


5 


7 


% 


Output Ratio Column/Row Tone Vdd = 3.5 V 
(Pins3,4,5,6, 14, 15, 16, 17,20) 


Db 


1.5 


— 


3.0 


dB 


DTO DC Level (Pin 19) 


VtDC 


-10% 


1/2 Vdd 


+ 10% 





MOTOROLA COMtViUNICATIGNS DEVICE DATA 
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SWITCHING CHARACTERISTICS (Vpo = 25 V, Cl = 50 pF, tA = 25«C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Row/Column Scan Frequency 


f 


- 


250 


- 


Hz 


Key Debounce Time 


tDB 


- 


12 to 26 




ms 


HS Reset Time 


tR 


- 


160 


- 


ms 


DTO Duration Normal 

Redial 


tDO 


80 
80 


— 


— 


ms 


Flasfi Output Duration 


tFO 


— 


600 


— 


ms 


DTO Interdigit Duration (Normal and Redial) 


t|D 


60 


— 


— 


ms 


MO Output Predeigit (DTMF Mode) 


tPDP 


- 


40 


- 


ms 


Pacifier Tone Frequency 


fTSO 


- 


800 


- 


Hz 


Pacifier Tone Duration 


tTSO 


30 


- 


- 


ms 


Pulse Interdigit Duration 


t|DP 


- 


800 


- 


ms 


Make /Break (P/DW) 

(P2/DW2) 


MBR 


42/58 


40/60 
33/67 


37/63 


% 


MO Overlap (Pulse Mode/Redial) 


tMO 


— 


800 


— 


ms 


MO Output Predigit (Pulse Mode) 


tMOP 


— 


40 


— 


ms 


Pause 


tp 


3 


- 


5 


s 



PIN DESCRIPTIONS 

Vdd 

Positive Power Supply (Pin 2) 

The digital supply pin is connected to the positive side of 
the system power supply. 

vss 

Ground (Pin 7) 

Ground return pin is typically connected to the system 
ground. 

MS 

Mode Select (Pin 11) 

This is a three-state input. A logic selects Tone mode, a 
logic 1 selects the Pulse mode at 20 pps, and an open 
connection selects Pulse mode at 10 pps. If the input is 
changed while dialing is in progress, the mode change will 
occur after the last interdigit pause for the previous dial mode. 

PTO 

Pacifier Tone Output (Pin 8) 

Recognition of any valid key input in Pulse mode will cause 
an 800-Hz square wave to be output from this pin. The 
minimum output time is 30 ms or as long as valid key 
depression lasts. This pin is high impedance when no signal 
is output. 

HS 

Hook Status (Pin 13) 

A logic 1 or open condition sets the device on on-hook 
status. A logic is an off-hook condition. 

PO 

Pulse and Flash Output (Pin 18) 

This is an N-channel open-drain output. It outputs dialing 
pulses at a 10-pps or 20-pps rate. The flash output from this 
pin is a 600-ms pulse. This pin is high impedance when no 
signal is output. 

MO 

Mute Output (Pin 12) 

This is an N-channel open-drain output. In the manual tone 
dialing mode this output goes low for the period of the tone 



duration. It will remain low until the end of the mute overlap 
time. 

In manual pulse dialing, this output will go low for the period 
of break and make time, and will remain low until completion 
of the mute overlap time. 

When redialing from LNR, or memory, this pin will go low 
starting with first digit signal output with predigit period, and 
will remain low until the last digit is output plus the overlap 
mute period. This pin remains high (1) during memory store. 

R1-R5/C1-C4 

Row/Column Inputs (Pins 3-6, 14-17, and 20) 

A logic simultaneously presented to a single row and a 
single column is defined as a valid key entry. The keypad starts 
to be sampled and the input accepted if it is still valid after 
12 to 26 ms debounce time. Depression of multiple keys is 
an invalid entry. 

X1/X2 

OSC|N and OSCquT {Pins 9 and 10) 

An inverter works as an on-board oscillator when 
connected to a parallel mode 3.5795-MHz crystal. The fre- 
quency accuracy of the crystal directly affects the accuracy 
of the DTMF frequency. Crystal biasing is accomplished by 
an internal resistor and capacitors. 

DTO 

DTMF Output (Pin 19) 

When the MS pin is set to a logic (Vss) the DTMF output 
pin will output tones corresponding to the row and column 
of the key depressed. The tone out duration will last as long 
as a valid key is pressed, with a minimum of 80 ms 
guaranteed. 

In LNR the tone output and interdigit pause are of a fixed 
duration. When the MS pin is logic 1 or open for pulse dialing, 
the DTO pin is high impedance. 

Ml 

Mode Indicator Output (Pin 1) 

This pin will be at a logic when dialing in the DTMF mode 
and a logic 1 when dialing in the Pulse mode. The pin remains 
in the logic state determined by the last dial mode. 
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OPERATIONAL INFORMATION 

The MC145416 allows the use of either a single contact 
(Class A) keyboard, or a standard 2-of-8 keyboard with Vss 
tied to common. A valid key entry occurs when either a single 
row is tied to a single column or a single row and column are 
simultaneously connected to Vss- 

Figure 1 illustrates the two types of keying methods. 

Figure 2 illustrates the 4 x 5 functional keyboard layout and 
the standard row and column frequencies. 

CLASS A 



COL- 



• ROW 



C0L1 C0L2 C0L3 C0L4 



1209 





N1 


N2 


N3 










697 


1 


2 


3 










ROW 770 


4 


5 


6 


FREQ 








852 


7 


8 


9 










941 


* 





# 



MR 



MS 



LNR/PS 



R0W1 
ROW 2 



PS/S ROW 3 



FLASH I ROW 4 
ROWS 



1336 1477 

COLUMN FREQ. 



STANDARD 2-OF-8 



MR = MEMORY RECALL 

MS = MEMORY STORE 

PS/S = MODE CHANGE/PAUSE 

FLASH = 600 ms at PO PIN 

LNR/PS = LAST NUMBER REDIAL/PAUSE 



Figure 1. Keyboard Configurations 



Figure 2. 4 x 5 Keyboard l\/latrix 
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FUNCTIONAL INFORM ATION 

/\. MANUAL DIALING - OFF-HOOK | D1 | 1 DN | 

1 ) Dialing Tone (DTMF) output will continue as long as a valid key is depressed. 

2) Mode change can be set on- or off-hook before keyboard entry. 

3) In Tone Mode 

a) All digits, including * and #, will have DTMF output. 

b) All digits, including * and #, and Pause will be stored in the LNR register. 

c) Flash, PS/S, MS (Memory Store), and MR (Memory Recall) will cause a PTO output to be generated as long as a key remains pressed. 

4) In Pulse Mode (10 or 20 pps) 

a) Numeric Input 0-9, Pause, and PS/S will be stored in the LNR register. 

b) Numeric inputs 0-9, * and #, Flash, LNR, PS/S, MS, and MR will cause a PTO output to be generated for as long as the key remains pressed. 



B. LAST NUMBER REDIAL - OFF-HOOK 



LNR/PS 



1) When this is the first key depressed after off-hook, exiuding Mode Select Switch, it causes the last number entered from the keypad to be dialed out. 

2) Mixed dialing from the keypad can be stored and redialed with pulse to tone mixed dial out or can be converted to all tone with the Mode Select Switch, 
retaining the four second pause. 

ENTERED... 

Mode Select Switch to Pulse Mode, ENTER: 



I D1 I ■■■■■ ! D I I PS/S I I D I I DN I 



PULSE INPUT 



REDIALED... 

ON-HOOK to OFF-HOOK 

Mode Select Switch in Pulse Mode, ENTER: 
REDIALED... 

ON-HOOK to OFF-HOOK 

Mode Select Switch in Tone Mode, ENTER: 



I MODE I 
Change With Pause 



DTMF INPUT 



LNR/PS 



, Dial out is the same as original entry. 



LNR/PS , Dial out changes to: 



D1 



DN 



DTMF OUTPUT | PAUSE | DTMF OUTPUT 

3) Numbers dialed from memory 1-9, and N1 , N2, and N3 will not be stored in the LNR register. 

4) Numbers stored with the MS pin set to DTMF cannot be converted to pulse with the PS/S key because the part does not know to go to 10 or 20 pps. 

0. DIALING WITH AUTO ACCESS PAUSE - OFF-HOOK 

ENTERED ... 

Mode Switch in either Pulse or Tone Mode 
REDIALED... 

ON-HOOK to OFF-HOOK 

Mode Select Switch Unchanged, ENTER: 



D1 



LNR/PS 



DN 



LNR/PS , Dial out is the same as original entry. 



D1 



PAUSE 



[mi ql] 



1) A pause is stored in a data number sequence by pressing the LNR/PS key during keypad entry. 

2) More than one pause can be entered in sequence for extended pauses. 

3) An indefinite pause duration can be provided with a custom metal option. 

a) The indefinite pause will not occur during nomnal tone or pulse dialing. 

b) On redial, this pause can be terminated by pressing any other key. 

DIALING WITH AUTO ACCESS PAUSE AND MODE CHANGE - OFF-HOOK 

ENTERED... 



Mode Select Switch in Pulse Mode (1 or 20 pps) | D1 



PS/S 



PULSE DIALING 



ENTERED... 

Mode Switch in Tone Mode 



I MODE 
Change With Pause 



D1 



PS/S 



D 




DN 


1 TONE DIALING 
se 


D 




DN 



TONE DIALING | PAUSE | TONE DIALING 

Change With Pause 

1) Dialing in the Pulse Mode and depressing the PS/S key will initiate a four second auto access pause with the mode change to DTMF. 

2) Starting in the Tone Mode, depressing the PS/S key will not cause a mode change to occur, but will insert a four second pause in the dial sequence. 
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E. MEMORY STORAGE AND RECALL - OFF-HOOK 

1 ) A total of 1 8 digits can be stored. 

2) Pause and Mode Switch (PS/S) key each count as one digit. 

3) After pressing MS (Memory Store) key, all outputs are inhibited except the PTO output. Succeeding numeric inputs including PS/S, are counted as data. Following 
the second MS (Memory Store) key input, the first numeric input is counted as address (A = 1-9 or N1, N2, or N3). Any non-numeric key entered, including 0, will be 
ignored, and the part will wait for another entry. 

ENTERED ... 

a) Mode Select Switch in Pulse Mode ( 1 or 20 pps) 



Memory Store Sequence .. 



ON-HOOK to OFF-HOOK ENTERED .. 
Memory Recall Sequence ... 



b) Mode Select Switch to DTMF 
Memory Recall Sequence ... 

ENTERED ... 

a) Mode Select Switch in Tone Mode 
Memory Store Sequence ... 



ON-HOOK to OFF-HOOK ENTERED .. 
Memory Recall Sequence ... 



MS 



][ 



D1 



PS/S 



DN 



MS 



PULSE MODE 



TONE MODE 



I MODE 
Change With Pause 

I MR I I A I A = 1-9 Dialoutis: | D1 [ ■■■■ | D | 

PULSE MODE I MODE 



A= 1-9 
orN1,N2,N3 



DN 



I TONE MODE 

Change With Pause 



MR 



A = 1-9 Dialoutis 



TONE MODE | PAUSE | TONE MODE 



MS I I D1 I .... I D I I PS/S I I D I .... I DN | | MS | | A | 

TONE MODE | PAUSE | TONE MODE 

Change With Pause 



A= 1-9 
orN1,N2,N3 



I MR I 



A = 1-9 Dialoutis: 



b) Mode Select Switch in Pulse Mode (1 or 20 pps) 
Memory Recall Sequence ... 



MR 



Z] 



TONE MODE | PAUSE | TONE MODE 



A = 1-9 Dialoutis: 



I D I .... I DN 



PULSE MODE I MODE | TONE MODE 



4) Number storage during conversation is allowed by following the above procedure. 

5) Memory registers can be programmed sequentially without going on-hook between each entry. 
F. CASCADED DIALING -OFF-HOOK 

1) Memory Cascaded ... 

a) Numbers stored with the Mode Select Switch set to pulse (10 or 20 pps) can be dialed out as follows: 
ENTERED ... 



Change With Pause 



N1 



N2 I Both N1 and N2 will dial out as originally stored. 



ENTERED... 
ENTERED... 



I K|i I I pc/q I I Kip I N1 will dial out as stored, N2 will convert to DTMF. 
I I i I 1 I PTO output will remain active during the dial out of N2. 

I PS/S I I N1 I I N2 I Both N1 and N2 will dial out in DTMF, with PTO active. 



b) Numbers stored with the Mode Select Switch set to pulse (1 or 20 pps) can also be dialed out in DTMF by switching the Mode Select Switch to the Tone Mode, 
on- or off-hook. By using the Mode Select Switch instead of PS/S, PTO will not be active. A dial out conversion back to pulse cannot be accomplished with the 
use of PS/S when the Mode Select Switch is in the Tone Mode. 

c) In cascade operation, the keyboard is inhibited upon pressing the first key (i.e., N1 key). The out pulsing must be completed before acceptance of the next key 
input. 

2) Cascade dialing can be accomplished from any memory location in any order, including LNR ... 

a) Numbers stored with the Mode Select Switch set to pulse (1 or 20 pps) 

ENTERED... 



ENTERED.. 



MR A 




LNR MR 



LNR I Both MR A and LNR dial out in pulse. 
A I Both LNR and MR A dial out in pulse 



b) Since a redial from any memory location will not distrub the content of the LNR register, it is not necessary to re-enter the last dialed number again. 

c) In cascade operation, the keyboard is inhibited upon pressing the first control key (i.e., MR key). The out pulsing must be completed before acceptance of the 
next control key input. 

3) The second control key, or number input, has to be entered after completion of the previous dialing. 



G. FLASH -OFF-HOOK | FLH | 



1 ) Pressing the FLH key will cause a 600-ms pulse to be generated at the pulse output pin. This pulse will not be stored in either the LNR register or the memory 
registers. The mute output will go low for 600 ms and the PTO output will be active for as long as this key is depressed. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC145416 
2-735 



HOOK SWITCH " ] OFF-HOOK 



KEY INPUTS 



3.58 MHz 



PULSE MODE 

PACIFIER 



~l 



-< 



DIGITS 



DIGIT "1" 



OSCILLATION 



MO 



PU 



TONE MODE 

PACIFIER 



JillL 



ITSO I * > \ 

~~Li 



-H h- tMop 



REDIAL 



-( OSCILLATION /- 



-M h~ tMOP 



800 ms \<-*\ 



r— tiDP 



MO 



DTMFOUT 



^ 



■tPDP 



too 



I DTMF ^ ■/ DTMF \ 



-H 


'*-tPDP 






80ms-> 


K 


S : 


1 DTMF_ 




• 


1 DTMF _ 




/ i 


^ 


^ 


' 




< > 







tDO tiD 



Figure 3. Timing Diagram 
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Advance Information 

ISDN Universal Digital Loop 

Transceivers II 

(UDLT II) 

The MC1 45421 and MC1 45425 UDLTs are high-speed data transceivers 
capable of providing 160 kbps full-duplex data communication over 26 AWG and 
larger twisted-pair cable up to 1 km in length. These devices are primarily used 
in digital subscriber voice and data telephone systems. In addition, the devices 
meet and exceed the CCITT recommendations for data transfer rates of ISDNs 
on a single twisted pair. The devices utilize a 51 2 kbaud MDPSK burst modulation 
technique to supply the 160 kbps full-duplex data transfer rates. The 160 kbps 
rate is provided through four channels. There are two B channels, which are 64 
kbps each. In addition, there are two D channels which are 16 kbps each. 

The MCI 45421 and MCI 45425 UDLTs are designed for upward compatibility 
with the existing MCI 45422 and MCI 45426 80 kbps UDLTs, as well as compa- 
tibility with existing and evolving telephone switching hardware and software 
architectures. 

The MCI 45421 (MASTER) UDLT is designed for use at the telephone switch 
line card while the MCI 45425 (SLAVE) UDLT is designed for use at the remote 
digital telset or data terminal. 

• Employs CMOS Technology, in Order to Take Advantage of Its Proven Capa- 
bility for Complex Analog and Digital LSI Functions 

• Provides Synchronous Full Duplex 160 kbps Voice and Data Communication 
in a 2B+2D Format for ISDN Compatibility 

• Provides the CCITT Basic Access Data Transfer Rate (2B + D) for ISDNs on a 
Single Twisted Pair up to 1 km 

• Compatible with Existing and Evolving Telephone Switch Architectures and 
Call Signalling Schemes 

• Protocol Independent 

• Single+5V Power Supply 



TWISTED PAIR 
WIRE 



16 kbps D1 - 
16kbpsD2" 
64 kbps B1 ' 
64 kbps B2 ' 



MASTER 
ISDN UDLT 



/^ <1km 

X>DOOC 




16 kbps D1 
16 kbps D2 
64 kbps B1 
64 kbps 82 



160 kbps FULL-DUPLEX 
DATA TRANSMISSION 



MCI 45421 
MCI 45425 




P SUFFIX 

PLASTIC 
CASE 709 



DW SUFFIX 

SOG 
CASE 751 F 



PIN ASSIGNMENT 


MC1 45421— Master 

(Plastic and SOG Packages) 


VssC 


1 a 24 


]Vdd 


Vref[ 


2 23 


] L01 


U[ 


3 22 


] L02 


LBO 


4 21 


] Rx 


VD[ 


5 20 


] RE2 


D1l[ 


6 19 


] RE1 


D2I[ 


7 18 


] tdc/rdc 


DCLK[ 


8 17 


] CCI 


D10[ 


9 16 


] MSI 


D20[ 


10 15 


]TE1 


SEC 


11 14 


] TE2 


pd[ 


12 13 


]Tx 


MC145425— Slave 

(Plastic and SOG Packages) 


vsst 


1 • 24 


]vdd 


Vref[ 


2 23 


] L01 


UO 


3 22 


] L02 


LBj] 


4 21 


] Rx 


VDC 


5 20 


] BCLK 


D1IC 


6 19 


] CLKOUT 


D2IC 


7 18 


] XTL 


DCLK [ 


8 17 


] CCI 


D10[ 


9 16 


] TONE 


D20[ 


10 15 


] EN1 


Mu/A[ 


11 14 


] EN2 


PD[ 


12 13 


]Tx 
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Advance Information 
Universal Digital-Loop 
TVansceivers (UDLT) 

The MC1 45422 and MC1 45426 UDLTs are high-speed data transceivers that 
provide 80-kbps full-duplex data communication over 26 AWG and larger twisted 
pair cable up to two kilometers in distance. Intended primarily for use in digital 
subscriber voice/data telephone systems, these devices can also be used In 
remote data acquisition and control systems. These devices utilize a 256 kilobaud 
modified differential phase shift keying burst modulation technique for trans- 
mission to minimize RFI/EMI and crosstalk. Simultaneous power distribution and 
duplex data communication can be obtained using a single twisted pair wire. 

These devices are designed for compatibility with existing, as well as evolving, 
telephone switching hardware and software architectures. 

The UDLT chip-set consists of the MC1 45422 master UDLT for use at the 
telephone switch linecard and the MCI 45426 slave UDLT for use at the remote 
digital telset and/or data terminal. 

The devices employ CMOS technology in order to take advantage of its reliable 
low-power operation and proven capability for complex analog/digital LSI 
functions. 

• Provides Full Duplex Synchronous 64 kpbs Voice/Data Channel and Two 

8 kbps Signaling Data Channels Over One 26 AWG Wire Pair Up to 
Two Kilometers 

• Compatible with Existing and Evolving Telephone Switch Architectures and 

Call Signaling Schemes 

• Automatic Detection Threshold Adjustment for Optimum Performance Over 

Varying Signal Attenuations 

• Protocol Independent 

• Single 5 V Power Supply rr-^. ^ v- 

• 22-Pin Package 7^; i.JJI" 

• Application Notes AN943, AN949, AN968. AN946. and AN948 



MCI 45422 
MCI 45426 





P SUFFIX 

PLASTIC 
CASE 708 



DW SUFFIX 

SOG 
CASE 751 E 



ORDERING INFORMATION 

MC145422P,MC145426P Plastic 

MC145422DW, MC145426DW SOG 









MC145422 Master UDLT 

• Pin Controlled Power-Down and Loop-Back Features 

• Signaling and Control I/O Capable of Sharing Common Bus Wiring with 

Other UDLTs 

• Variable Data Clock — 64 kHz to 2.56 MHz 

• Pin Controlled Insertion/Extraction of 8 kbps Channel Into LSB of 64 kbps 

Channel for Simultaneous Routing of Voice and Data Through PCM Voice 
Path of Telephone Switch 

MC145426 Slave UDLT 

• Compatible with MC1 45500 Series PCM Codec-Filters 

• Pin Controlled Loop-Back Feature 

• Automatic Power-Up/Down Feature 

• On-Chip Data Clock Recovery and Generation 

• Pin Controlled 500 Hz D3 or CCITT Format PCM Tone Generator for Audi 

ble Feedback Applications 



^^^s i^ :' K 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Data Set Interface 

Asynchronous-to-Synchronous and 
Synchronous-to-Asynchronous Converter 

The MC1 45428 Data Set Interface provides asynchronous-to-synchronous and 
synchronous-to-asynchronous data conversion. It is ideally suited for voice/data 
digital telsets supplying an EIA-232 compatible data port into a synchronous 
transmission link. Other applications include: data multiplexers, concentrators, 
data-only switching, and PBX-based local area networks. This low-power CMOS 
device directly interfaces with either the 64 kbps or 8 kbps channel of Motorola's 
MC1 45422 and MC1 45426 Universal Digital Loop Transceivers (UDLTs), as well 
as the MC1 45421 and MC1 45425 Second Generation Universal Digital Loop 
Transceivers (UDLT II). 

• Provides the Interface Between Asynchronous Data Ports and Synchronous 

Transmission Links 

• Up to 128 kbps Asynchronous Data Rate Operation 

• Up to 2.1 Mbps Synchronous Data Rate Operation 

• On-Board Bit Rate Clock Generator with Pin Selectable Bit Rates of 300, 

1200, 2400, 4800, 9600, 19200, and 38400 bps or an Externally Supplied 
16 Times Bit Rate Clock 

• Accepts Asynchronous Data Words of 8 or 9 Bits in Length 

• False Start Detection Provided 

• Automatic Sync Insertion and Checking 

• Single 5 V Power Supply 

• Low Power Consumption of 5 mW Typical 

• Application Notes AN943 and AN946 
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m L SUFFIX 




111 11 CERAMIC 


20 ll 11 II 11 U U " 

1 


CASE 732 


SififfimA 


CW P SUFFIX 


WmP 


i 1 U PLASTIC 


1 


CASE 738 


a^^ 


^ DW SUFFIX 


''^M 


m 20^ 


1 


^ CASE 751 D 



BLOCK DIAGRAM 



PIN ASSIGNMENT 


TxSC 


1* 20 


] Vdd 


TxD[ 


2 19 


] RESET 


DL[ 


3 18 


] DOG 


BRCLK [ 


4 17 


] DOE 


BCLK[ 


5 16 


] CM 


BR1 [ 


6 15 


] DCLK 


BR2[ 


7 14 


] DIE 


BR3[ 


8 13 


] DC! 


SB[ 


9 12 


] RxS 


vsst 


10 11 


] RxD 









TxS-#- 



TxD- 
DL- 



DATA 
STRIPPER 



BR1-BR3 ► 

BCLK ► 



BRCLK -^ 



Tx 
FIFO 



BAUD 
RATE 
GEN 



SYNCHRONOUS 

CHANNEL 
TRANSMJHER 



-►DCO 



CONTROL 



RxD*« 
SB- 



T r^ 



DATA 
FORMAHER 



Rx 
FIFO 



RxS-^ 



SYNCHRONOUS 
CHANNEL 
RECEIVER 



DOE 
DIE 
DCLK 
CM 

RESET 



DCI 
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Telset Audio Interface Circuit 

The MC1 45429 is a silicon-gate CMOS Telset Audio Interface Circuit (TAIC) 
intended for microconfiputer controlled digital or analog telset applications. The 
device provides the interface between a codec/filter or analog speech network 
and the telset mouthpiece, earpiece, ringer/speaker amplifier, and an auxiliary 
input and output. The configuration of the device is programmed via a serial digital 
data port. Features provided on the device include: 

• Independent Adjustment of Earpiece, Speaker, and Ringer Volume 

• Transient Suppression Circuitry to Prevent Acoustic "Pops" 

• Receive Low-Pass Filter for 8-kHz Attenuation 

• Sixteen Possible Audio Configurations 

• Power-Down Mode with Data Retention 

• 20-dB Mouthpiece Input Gain 

• Receive to Transmit Loopback Test Mode 

• Provision for Auxiliary Input and Output 

• Externally Adjustable Auxiliary Input Gain 

• PCM Mono-Circuit Compatible Power Supply 

• Digital Output for Speaker Amplifier Control 

• Versatile Logic Input Levels 

• 18-Pin Package 



MCI 45429 





S/YYlf P SUFFIX 




1 1 1 n PLASTIC 


18 in" 

1 


CASE 707 




fffw L SUFFIX 


AflPU CERAMIC 


18 P{ 


J"" CASE 726 
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SIMPLIFIED BLOCK DIAGRAM 



PIN ASSIGNMENT 


Vag[ 


1* 18 


] Vdd 


VdgC 


2 17 


] TxO 


SAE[ 


3 16 


] Mpl 


DCE [ 4 15 


] EpO 


DC[ 


5 14 


] SO 


D[ 6 13 


] AxO 


SCI[ 


7 12 


] AxF 


PD[[ 8 11 


] -Ax 


vss[ 


9 10 


] Rxl 










This document contains information on a new product. Specifications and information lierein are subject to change without notice. 
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BLOCK DIAGRAM 



,C^ 




CS 



2600-Hz 

6-POLE 

NOTCH FILTER 



2600-Hz 
SINE WAVE 
GENERATOR 



V w 



2600 Hz Tone Signaling Filter 

This device contains a bypassabie 6-pole, 2600 Hz notcii filter, a 2-pole 
2600 Hz band-pass filter, and a 2600 Hz sine wave generator for SF signaling/ 
detection applications. 

• ±5Vto±8V Single or Split Supply Operation 

• Low Power Consumption: 80 mW @ 10 V 

200mW@15V 

• On-Board Crystal Oscillator or External Cloclcs 

• Notcti Filter Gain Adjustable 

• Uncommitted Op Amp Capable of Driving 600 Q Loads 

• TTL or CMOS Compatible Inputs 

• 18-Pin Package 
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^mti 


3EW L SUFFIX 


"W 


in"" CERAMIC 


18 P" 

1 


CASE 726 


itewi 


mU P SUFFIX 


18 nil 


1 " • ■ PLASTIC 


1 


CASE 707 





AG 



A- 



BO 



B- 
NO 



2600-Hz 

2-POLE 

BAND-PASS 

FILTER 



Vdd = PIN18 

Vag = pini 

Vss = PIN9 



TO 



1 14 

BPO 





PIN ASSIGNMENT 




VagC 


1« 18 


] Vdd 




A0[ 


2 17 


] B+ 




A-[ 3 16 


] BO 




Vin [ 4 15 


] B- 




N0[ 


5 14 


] BPO 




CS[ 


6 13 


]T0 




01 [ 


7 12 


] NE 




02 [ 


8 11 


] CO 


12 


vss[ 


9 10 ] Vls 
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Dual Tone Multiple Frequency 
Receiver 

The MC1 45436 is a silicon gate CMOS LSI device containing the filter and 
decoder for detection of a pair of tones conforming to the DTMF standard with 
outputs in hexadecimal. Switched capacitor filter technology is used together with 
digital circuitry for the timing control and output circuits. The MCI 45436 provides 
excellent power line noise and dial tone rejection and is suitable for applications 
in centra! office equipment, PABX, and keyphone systems, remote control 
equipment and consumer telephony products. 

The MC1 45436 offers the following performance features: 

• Single + 5 V Power Supply 

• Detects All 16 Standard Digits 

• Uses Inexpensive 3.58-MHz Crystal 

• Provides Guard Time Controls to Improve Speech Immunity 

• Output in 4-Blt Hexadecimal Code 

• Built-in 60 Hz and Dial Tone Rejection 

• Pin Compatible with SS 1-204 



BLOCK DIAGRAM 
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P SUFFIX 

PLASTIC 
CASE 646 



DW SUFFIX 

SOG 
CASE 751 G 






PIN ASSIGNMENTS 






PLASTIC 






D2[ 


1» 14 


]D4 




D1[ 


2 13 ] D8 




ENB [ 


3 12 ] DV 




Vdd[ 


4 11 


] ATB 




GTC 


5 10 


axin 




Xen [ 


6 9 


axout 




Ain [ 


7 8 


] GND 






SOG 






D2[ 


1« 16 


]D4 




D1[ 


2 15 


]D8 




enbD 


3 14 


] DV 


GT 


VddD 

NCC 


4 13 

5 12 


] NC 
] ATB 


DV 


GT[ 


6 11 


]Xin 




XenD 


7 10 


]Xout 




Ainl^ 


8 9 


] GND 




NC 


= NO CONNECT 


ON 



ENB 
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MAXIMUM RATINGS (Voltages Referenced to GND Unless Othen/vise Noted) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


Vdd 


-0.5 to +6.0 


V 


Input Voltage, Any Pin Except Ajn 


Vin 


-0.5toVoD+0-5 


V 


Input Voltage, Ajn 


Vin 


Vdd -10 to Vdd +0.5 


V 


DC Current Drain per Pin 


1 


±10 


mAdc 


Power Dissipation 


pd 


30 


mW 


Operating Temperature Range 


Ta 


-40 to +85 


"C 


Storage Temperature Range 


Tstg 


-65 to + 150 


°C 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields; however, it is advised 
that normal precautions be taken to avoid 
applications of any voltage higher than the 
maximum rated voltages to this high imped- 
ance circuit. 

For proper operation it is recommended that 
Vjn and Vout be constrained to the range Vss ^ 
(Vjn or Vout) ^ ^dd- Reliability of operation is 
enhanced if unused inputs are tied to and ap- 
propriate logic voltage level (e.g., either Vss c 

Vdd)- 



ELECTRICAL CHARACTERISTICS 

(All Polarities Referenced to Vss = V, Vqd = 


5.0 V ±10%, Ta = - 40 to + 85°C, Unless Othenvise Noted) 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 


Vdd 


4.5 


5 


5.5 


V 


Supply Current (fcLK = 3-58 MHz) 


'dd 


— 


7 


15 


mA 


Input Current 
ENB.Xin.Xen 


GT 


lin 





— 


200 

±1 


^A 


Input Voltage Low 


ENB, GT, Xen 


V|L 


— 


— 


1.5 


V 


Input Voltage High 


ENB. GT, Xen 


V|H 


3.5 


— 


— 


V 


lout Data and DV Pins: Vout = 4.5 V (Source) 


'OH 


800 


— 


— 


ha 


lout Data and DV Pins: Vout = 0.4 V (Sink) 


lOL 


1.0 


— 


— 


mA 


Input Impedance 


Ain 


Rin 


90 


100 


— 


kQ 


Fanout 


ATB 


Fout 


— 


— 


10 




Input Capacitance 


Xen. ENB 


Cm 


- 


6 


- 


PF 



ANALOG CHARACTERISTICS (Vdd = 5.0 V ±10%, Ta = - 40 to + 85°C, Unless Othenwise Noted) 



Parameter 


Min 


Typ 


Max 


Unit 


Signal Level for Detection (Ajn) 


-35 


— 


-2 


dBm 


Twist = High Tone/Low Tone 


-10 


— 


10 


dB 


Frequency Detect Bandwidth 


±(1.5 + 2 Hz) 


±2.5 


±3.5 


%fo 


60-Hz Tolerance 


— 


— 


0.8 


Vrms 


Dial Tone Tolerance (Note 1 ) 
(Dial Tone 330 + 440) 


— 


— 





dB 


Noise Tolerance (Notes 1 and 2) 


— 


— 


-12 


dB 


Power Supply Noise (Wide Band) 


— 


— 


10 


mVp-p 


Talk Off (Mitel Tape #CM7290) 


— 


2 


— 


Hits 



NOTES: 

1 . Referenced to lower amplitude tone. 

2. Bandwidth limited (0 to 3.4 kHz) Gaussian Noise. 
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AC CHARACTERISTICS (YpD = 5.0 V±10%, Ta = -40°C to + 85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Tone On Time For Detection 
For Rejection 


TONEon 


40 


— 


20 


ms 


Pause Time For Detection 
For Rejection 


TONEoff 


40 


— 


20 


ms 


Detect Time GT = 
GT = 1 


tdet 


22 
32 


— 


40 
50 


ms 


Release Time GT = 
GT = 1 


trel 


28 
18 


— 


40 
30 


ms 


Data Setup Time 


tsu 


7 


- 


- 


HS 


Data Hold Time 


th 


4.2 


4.6 


5 


ms 


Pulse Width GT 


tw(GT) 


18 


- 


- 


^s 


DV Reset Lag Time 


*lag(DV) 


- 


- 


5 


ms 


ENB High to Output DV (Note 1 ) 


tEHDV 


- 


120 


500 


ns 


ENB Low to Output High-Z (Note 1) 


tELDZ 


- 


110 


300 


ns 



NOTE: 
1 . Data out: Cl = 35 pF || Rl = 500 Q. 
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PIN DESCRIPTIONS 

Vdd 

Positive Power Supply 

The digital supply pin, which is connected to the positive 
side of the power supply. 

vss 

Ground 

Ground return pin is typically connected to the system 
ground. 

D1, D2, D4, D8 
Data Output 

These digital outputs provide the hexadecimal codes corre- 
sponding to the detected digit. The digital outputs become 
valid after a tone pair has been detected and are cleared when 
a valid pause is timed. See Table 1 for hexadecimal co- 
des.These output pins are high impedance when the enable 
pin is at logic 0. 

EN 
Enable 

Outputs D1 , D2, D4, D8 are enabled when ENB is at a logic 
1, and high impedance (disabled) when ENB is at a logic 0. 

GT 

Guard Time 

The Guard Time control input provides two sets of detected 
time and release time, both within the allowed ranges of tone 
on and tone off (see Figure 1 ). A longer tone detect time rejects 
signals too short to be considered valid. With GT = 1 , talk off 
performance Is Improved, since it reduces the probability that 
tones simulated by speech will maintain signal conditions long 
enough to be accepted. In addition, a shorter release time re- 
duces the probability that a pause simulated by an interrupt in 
speech will be detected as a valid pause. On the other hand, 
a shorter tone detect time with a long release time would be 





Table 1. 


Hexadecimal Codes 




Digit 


Output Code 1 


D8 


D4 


D2 


D1 


1 













2 








1 





3 








1 




4 





1 








5 





1 







6 





1 


1 





7 





1 


1 




8 













9 




















1 





* 







1 




# 




1 








A 




1 







B 




1 


1 





C 




1 


1 




D 















appropriate for an extremely noisy environment where fast ac- 
quisition time and immunity to dropouts would be required. In 
general, the tone signal time generated by a telephone is 
100 ms, nominal, followed by a pause of about 100 ms. A 
high-to-low or low-to-high transition on the GT pin resets the 
Internal logic and the MCI 45436 Is immediately ready to ac- 
cept a new tone input. If left open, this pin is internally pulled 
to ground. 

Xen 

Oscillator Enable 

A logic 1 on Xen enables the on-chip crystal oscillator. When 
using alternate time base from the ATB pin, Xen should be tied 
to Vss- 

Ain 

Analog Input 

This pin accepts the analog Input and is internally biased so 
that the input signal may be ac coupled. The input may be dc 
coupled so long as it does not exceed the positive supply (see 
Figure 2). 

Xin/Xout 

Oscillator In and Oscillator Out 

These pins connect to an internal crystal oscillator. In opera- 
tion, a parallel resonant crystal Is connected from Xjn to Xout» 
as well as a 1-M^ resistor in parallel with the crystal. When 
using the alternate clock source from ATB, Xjn should be tied 

to Vdd- 

ATB 

Alternate Time Base 

This pin serves as a frequency reference when more than 
one MCI 45436 is used, so that only one crystal is required for 
multiple MCI 45436s. When doing so, all ATB pins should be 
tied together as shown in Figure 3. When only one MCI 45436 
is used, this pin should be left unconnected. The output fre- 
quency of ATB Is 447.4 kHz. 

DV 

Data Valid 

DV signals a detection by going high after a valid tone pair 
is sensed and decoded at output pins D1 , D2, D4, D8. DV re- 
mains high until a loss of the current DTMF signal occurs or 
until a transition in GT occurs. 



GUARD TIME 



— Q 



Vdd 



DD I 



? 



Figure 1. Guard Time 
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vdd 



Vin<VDD I 
I 



10 pF 



100 kQ 



I Vdd 

Vin<VDD I -- 

0-01 ^^F_l ^ 10 pF 

Ain-HhQ-f-HI-^ 

I ^ 100 kQ 









Figure 2. Analog input (Operationai information based on PDiP paol<age) 



3.58 MHz 

HDh 

Xin^^AAArH^ Xout 



ATB 



1Ma 



MC145436 



Vdd, 



ATB 



MC145436 



TOOTHER 
MCI 45436s 



Vdd 



STD 

DTMF 

(Hz) 



697 



852 



C0L1 


COL 2 COL 3 


COL 4 




1 


2 3 


A 


R0W1 










4 


5 6 


B 


ROW 2 








7 


8 9 


C 


ROW 3 








* 


# 


D 
1633 


ROW 4 


1209 


1336 1477 
STD DTMF (Hz) 
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Figure 4. 4 x 4 Keyboard iVIatrix 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Encoder/Decoder (TVanscoder) 

For Transmission Applications 

The MC1 45439 and MCI 421 03 are high speed CMOS integrated circuits 
designed to perform the coding translation of clocked serial data into two streams 
of return to zero (RZ) digital pulses, which are externally mixed to form either AMI, 
HDB3, B6ZS, or B8ZS (MCI 421 03— AMI or HDB3 only) ternary signals for driving 
transmission lines. They perform the reverse operation by translating two streams 
of clocked pulses [which have been derived from an incoming AMI, HDB3, B6ZS, 
or B8ZS (MC142103— AMI or HDB3 only) ternary encoded signal] into a single 
stream of clocked binary data. They also feature loopback and error monitoring 
functions. The coding and decoding functions perform independently at clock rates 
from (dc) to 9 mbps. The HDB3 coding and decoding are performed in a manner 
consistent with the CCITT G.703 recommendations. 
Both Devices: 

• Low Power CMOS Operation 

• Single 5-V Power Supply Operation 

• Error Monitor Functions Provided 

• Loopback Feature Provided 

• Encode and Decode Clock Rates to 9 mbps 
o Pin Selectable Modes of Operation 

» TTL Compatible Inputs and Outputs . ^:^., ^.^^ ,0^ ^ 

MCI 45439 Only: ^ I . J ^* 5^^ 

• 20- Pin Package ^ '^ '""' '"''" "'' 

• NRZ to AMI, HDB3, B6ZS, B8ZS; AMI, HDB3, B6ZS, B8ZS to NRZ 

• Force Alarm and Output Enable Function 

• Pin Compatible with HC-5560 
MC142103OnIy: 

• 16-Pin Package 

• NRZtoAMI, HDB3; AMI, HDB3toNRZ 

• Pin Selectable HDB3 or AMI Operation 

• Pin Compatible with CD22103 and MJ1471 



ir 






r- 



BLOCK DIAGRAM 



MS1 (OR HDB3/AMI 

MS2 (MC1454390NLY) 

OUTPUT ENABLE 

(MC145439 0NLY) 

NRZin 

FA (MC145439 ONLY) 

ECLK 

LOOP 



DCLK 



PAIS 




MCI 45439 
MCI 421 03 



^ 


n 1 i y U ^ MC1 45439 


20 flM 


^ PLASTIC 


1 


CASE 738 


Mj*icsrp 


^ 


imi 


1 1 1 MC142103 


'' 11 


11 M " PLASTIC 




CASE 648 



PIN ASSIGNMENTS 




MC1 45439 




FA[ 


10 20 


] Vdd 


MSI [ 


2 19 


] OE 


NRZin [ 


3 18 


] N.C. 


ECLK[ 


4 17 


] Pout 


MS2[ 


5 16 


] Nout 


NRZout C 


6 15 


] Nin 


DCLK[ 


7 14 


] LOOP 


RAISL 


8 13 


] Pin 


AIS[ 


9 12 


] CLK 


VssC 


10 11 


] ERR 




MC142103 




NRZin [ 


10 16 


] Vdd 


ECLK [ 


2 15 


] Pout 


HDB3/AMi [ 


3 14 


] Nout 


NRZout [ 


4 13 


] Nin 


DCLK [ 


5 12 


] LOOP 


RAiS[ 


6 11 


]Pin 


AIS [ 


7 10 


] CLK 


vss^ 


8 9 


] ERR 









This document contains information on a new product. Specification and information herein are subject to change without notice. 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Single Chip 300-Baud i\Aoclem 

The MCI 45442 and MC1 45443 silicon-gate CMOS single-chip low-speed 
modems contain a complete frequency shift keying (FSK) modulator, demodulator, 
and filter. These devices are with CCITT V.21 (MC1 45442) and Bell 103 
(MC1 45443) specifications. Both devices provide full-duplex or half-duplex 
300-baud data communication over a pair of telephone lines. They also include 
a carrier detect circuit for the demodulator section and a duplexer circuit for direct 
operation on a telephone line through a simple transformer. 

• MC145442 Compatible with CCITT V.21 

• MC145443 Compatible with Bell 103 

• Low-Band and High-Band Band-Pass Filters On-Chip 

• Simplex, Half-Duplex, and Full-Duplex Operation 

• Originate and Answer Mode 

• Analog Loopback Configuration for Self Test 

• Hybrid Network Function On-Chip 

• Carrier Detect Circuit On-Chip 

• Adjustable Transmit Level and CD Delay Timing 

• On-Chip Crystal Oscillator (3.579 MHz) 

• Single+5V Power Supply Operation 

• Internal Mid-Supply Generator 

• Power-Down Mode 

• Pin Compatible with MM74HC943 

• Capable of Driving -9 dBm into a 600 Q Load 



i\/iC1 45442 
i\/iC1 45443 




P SUFFIX 

PLASTIC 
CASE 738 



DW SUFFIX 

SOG 
CASE 751 D 



PIN ASSIGNMENT 


DSI[ 


^• 20 


3 TLA 


LB[ 


2 19 


^Vag 


CD[ 


3 18 


] Ex! 


CDT[ 


4 17 ] TxA 


RxD[ 


5 16 


] RxA1 


VddC 


6 15 


] RxA2 


CDA[ 


7 14 


] SQT 


XoutC 


8 13 


] MODE 


Xjn [ 9 12 


3vss 


FB[ 


10 11 


] TxD 









BLOCK DIAGRAM 



RxA2 >-^^^^VW\rt--VVV 

RxA1 >- 



<CDT 




*Refer to the FB pin description. 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


vdd 


-0.5 to +7.0 


V 


DC Input Voltage 


Vin 


-0.5 to Vdd +0.5 


V 


DC Output Voltage 


Vout 


-0.5 to Vdd +0.5 


V 


Clamp Diode Current, per Pin 


l|K. lOK 


+ 20 


mA 


DC Output Current, per Pin 


'out 


±28 


mA 


Power Dissipation 


pd 


500 


mW 


Operating Temperature Range 


Ta 


-40 to +85 


°C 


Storage Temperature Range 


Tstg 


-65 to + 150 


°C 



This device contains circuitry to protect the 
inputs against damage due to high static voltages 
or electric fields; however, it is advised that normal 
precautions be taken to avoid application of any 
voltage higher than maximum rated voltages to 
this high impedance circuit. For proper operation 
it is recommended that Vjp and Vout be con- 
strained to the range Vss - (Vin or Vout) - Vdd)- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss o"" 

Vdd). 



RECOMMENDED OPERATING CONDITIONS 



Parameter 


Symbol 


Min 


Max 


Unit 


Supply Voltage 


Vdd 


4.5 


5.5 


V 


DC Input or Output Voltage 


Vin. Vout 





Vdd 


V 


Input Rise or Fall Time 


tr.tf 


- 


500 


ns 


Crystal Frequency* 


^crystal 


3.2 


5.0 


MHz 



*Changing the crystal frequency from 3.579 MHz will change the output frequencies. 
The change in output frequency will be proportional to the change in crystal frequency. 

DC ELECTRICAL CHARACTERISTICS (Vdd = 5.0 V + 1 0%, Ta = -40°C to + 85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


High-Level Input Voltage LB 
Xjn, TxD, Mode, SOT 


V|H 


Vdd -0.8 

3.15 


— 


— 


V 


Low-Level Input Voltage LB 
X|n. TxD, Mode, SOT 


V|L 


— 


— 


.0.8 
1.1 


V 


High-Level Output Voltage 
lOH = 20 \iA CD, RxD 
Iqh = 2 mA CD, RxD 
lOH = 20 ^lA Xout 


VOH 


Vdd-0.1 

3.7 


Vdd -0.05 


- 


V 


Low-Level Output Voltage 
Iql = 20 ^A CD, RxD 
Iql = 2 mA CD, RxD 
IOL = 20^A Xout 


Vol 


- 


0.05 


0.1 
0.4 


V 


Input Current LB, TxD, Mode, SOT 
RxA1,RxA2 
^in 


lin 


- 


10 


±1.0 
±12 
±10 


^lA 


Quiesent Supply Current (Xjn or fcrystal = 3-579 MHz) 


Idd 


- 


7 


10 


mA 


Power-Down Supply Current 




- 


200 


300 


^A 


Input Capacitance Xjn 
All Other Inputs 


Cin 


— 


10 


10 


PF 


Vag Output Voltage (Iq = ± 1 ^A) 


Vag 


2.4 


2.5 


2.6 


V 


CDA Output Voltage (Iq = ± 10 \iA) 


VCDA 


1.1 


1.2 


1.3 


V 


Line Driver Feedback Resistor 


Rf 


10 


20 


30 


kQ 
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AC ELECTRICAL CHARACTERISTICS 

(Vdd = 5.0 V + 10%, Ta = -40°C to + 85°C, Crystal Frequency = 3.579 MHz ±0.1%; See Figure 1) 



Characteristic 


Min 


Typ 


Max 


Unit 


TRANSMITTER 


Power Output on TxA 
RL=1.2kQ, RtlA = oo 
Rl = 1 .2 kQ, RjLA = 5.5 kQ 


-13 
-10 


-12 
-9 


-11 
-8 


dBm 


Second Harmonic Power 
RL=1.2kfi 


— 


-56 


— 


dBm 


RECEIVE FILTER AND HYBRID 


Hybrid Input Impedance RxAl , RxA2 


40 


50 


— 


ka 


FB Output Impedance 


— 


16 


— 


kCl 


Adjacent Channel Rejection 


-48 


— 


— 


dBm 


DEMODULATOR 


Receive Carrier Amplitude 


-48 


— 


-12 


dBm 


Dynamic Range 


— 


36 


— 


dB 


Bit Jitter (S/N = 30 dB, Input = - 38 dBm, Bit Rate = 300 baud) 


— 


100 


— 


HS 


Bit Bias 


— 


5 


— 


% 


Carrier Detect Threshold On to Off 
(CDA = 1 .2 V or CDA grounded through a 0.1 -^iF capacitor) Off to On 


— 


-44 
-47 


— 


dBm 



PIN DESCRIPTIONS 

Vdd 

Positive Power Supply (Pin 6) 

This pin is normally tied to 5.0 V. 

vss 

Negative Power Supply (Pin 12) 

This pin is normally tied to V. 

vag 

Analog Ground (Pin 19) 

Analog ground is internally biased to (Vdd - Vss)/2. This 
pin must be decoupled by a capacitor from Vag to Vss and 
a capacitor from Vag to Vdd- Analog ground Is the common 
bias line used in the switched capacitor filters, llmiter, and 
slicer in the demodulation circuitry. 

3.579 IVIHz ±0.1% 



Rtla 



vdd- 



-AAAr- 



17 



600 Q< 



600 n 



16 



a 



Xout Xjn 
TLA TxD 

TxA 

RxA2 

MCI 45442 
MCI 45443 



RxAl 
CDT 



RxD 
FB 



TEST 
TEST f-O OUTPUT ^ j^ 

INPUT V^ 0.1 ^iF -^ -^ 



-^ Dout 



- CcDT V 



0.1 ^F 

Cfb 



TLA 

Transmit Level Adjust (Pin 20) 

This pin Is used to adjust the transmit level. Transmit level 
adjustment range is typically from - 1 2 dBm to -9 dBm. (See 
Applications Information.) 

TxD 

Transmit Data (Pin 11) 

Binary information is input to the transmit data pin. Data 
entered for transmission is modulated using FSK techniques. 
A logic high input level represents a mark and a logic low 
represents a space (see Table 1). 



Table 1. Bell 103 and CCITTV.21 
Frequency Characteristics 



Bellies (MCI 45443) | 


Data 


Originate Mode 


Answer Mode | 


Transmit 


Receive 


Transmit 


Receive 


Space 


1070 Hz 


2025 Hz 


2025 Hz 


1070 Hz 


Mark 


1270 Hz 


2225 Hz 


2225 Hz 


1270 Hz 


CCITTV.21 (MC1 45442) | 


Data 


Originate Mode 


Answer Mode | 


Transmit 


Receive 


Transmit 


Receive 


Space 


1180 Hz 


1850 Hz 


1850 Hz 


1180 Hz 


Mark 


980 Hz 


1650 Hz 


1850 Hz 


980 Hz 



NOTE: Actual frequencies maybe ±5 Hz assuming 3.579545-MHz 
crystal Is used. 



Figure 1. AC Characteristics Evaluation Circuit 
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TxA 

Transmit Carrier (Pin 17) 

This is the output of the line driver amplifier. The transmit 
carrier is the digitally synthesized sine wave output of the 
modulator derived from a crystal oscillator reference. When 
a 3.579 MHz crystal is used the frequency outputs shown 
in Table 1 apply. (See Applications Information.) 



MAXIMUM LEVEL OF OUT-OF-BAND ENERGY 
RELATIVE TO THE TRANSMIT CARRIER LEVEL INTO 600 Q (kHz) 



16 64 256^ 

T ' 1 1 1 r-> 




15dB/0CTAVE 



Figure 2. Out-of-Band Energy 

ExI 

External Input (Pin 18) 

The external input is the non-Inverting input to the line driv- 
er. It is provided to combine an auxiliary audio signal or 
speech signal to the phone line using the line driver. This 
pin should be connected to Vag '^ not used. The average level 
must be the same as Vag to maintain proper operation. (See 
Applications Information.) 

DSI 

Driver Summing Input (Pin 1) 

The driver summing input may be used to connect an exter- 
nal signal, such as a DTMF dialer, to the phone line. A series 
resistor, RdsI. 's needed to define the voltage gain Av (see 
Applications Information and Figure 6). When applying a sig- 
nal to do DSI pin, the modulator should be squelched by 
bringing SQT (Pin 14) to a logic high level. The voltage gain, 
Av, is calculated by the formula Av = -Rf/RoSI (where Rf = 
20 kO). For example, a 20 kQ resistor for RqsI will provide 
unity gain (Av = -20 kQ/20 kQ = -1). This pin must be 
left open if not used. 

RxD 

Receive Data (Pin 6) 

The receive data output pin presents the digital binary data 
resulting from the demodulation of the receive carrier. If no 
carrier is present, CD high, the receive data output (RxD) 
is clamped high. 

RxA2, RxA1 

Receive Carrier (Pins 15, 16) 

The receive carrier is the FSK input to the demodulator 
through the receive band-pass filter. RxAl is the non-invert- 
ing input and RxA2 is the inverting input of the receive hybrid 
(duplexer) operational amplifier. 



LB 

Analog Loopback (Pin 2) 

When a high level is applied to this pin (SQT must be low), 
the analog loopback test is enabled. The analog loopback 
test connects the TxA pin to the RxA2 pin and the RxAl to 
analog ground. In loopback, the demodulator frequencies are 
switched to the modulation frequencies for the selected 
mode. (See Tables 1 and 2 and Figures 4c and 4d.) 

When LB is connected to analog ground (Vag). the modula- 
tor generates an echo cancellation tone of 2100 Hz for 
MC1 45442 CCITT V21 and 2225 Hz for MC1 45443 Bell 103 
systems. For normal operation, this pin should be at a logic 
low level (Vss)- 

The power-down mode is enabled when both LB and SQT 
are connected to a logic high level (see Table 2). 





Table 2. Functional Table 


MODE 
Pin 13 


SQT 
Pin 14 


LB 
Pin 2 


Operating Mode 


1 








Originate Mode 











Answer Mode 


X 





Vag (Vdd/2) 


Echo Tone 


X 





1 


Analog Loopback 


X 


1 





Squelch Mode 


X 


1 


Vag (Vdd/2) 


Squelch Mode 


X 


1 


1 


Power Down 



MODE 
Mode (Pin 13) 

This input selects the pair of transmit and frequencies 
used during modulation and demodulation. When a logic 
high level is placed on this input, originate (Bell) or channel 
1 (CCITT) is selected. When a low level is placed on this 
input, answer (Bell) or channel 2 (CCITT) is selected. (See 
Tables 1 and 2 and Figure 4.) 

GDI 

Carrier Detect Timing (Pin 4) 

A capacitor on this pin to Vss sets the amount of time the 
carrier must be present before CD goes low (see Applica- 
tions Information for the capacitor values). 

CD 

Carrier Detect Output (Pin 3) 

This output is used to indicate when a carrier has been 
sensed by the carrier detect circuit. This output goes to 
a logic low level when a valid signal above the maximum 
threshold level (defined by CDA, Pin 7) is maintained on 
the input to the hybrid circuit longer then the response (de- 
fined by CDT, Pin 4). This pin is held at the logic low level 
until the signal falls below the maximum threshold level for 
longer than the turn off time. (See Applications Informa- 
tion and Figure 5.) 

CDA 

Carrier Detect Adjust (Pin 7) 

An external voltage may be applied to this pin to adjust 
the carrier detect threshold. The threshold hysteresis is inter- 
nally fixed at 3 dB (see Applications Information). 
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Xoutj ^in 

Crystal Oscillator (Pins 8, 9) 

A crystal reference oscillator is formed when a 3.579 MHz 
crystal is connected between these two pins. Xout (P'n 8) 's 
the output of the oscillator circuit, and Xjn (Pin 9) is the input 
to the oscillator circuit. When using an external clock, apply 
the clock to the Xjn (Pin 9) pin and leave Xout (P'" 8) open. 
An internal 10-MQ resistor and internal capacitors, typically 
1 pF on Xjn and 1 6 pF on Xout. ^"ow the crystal to be con- 
nected without any other external components. Printed circuit 
board layout should keep external stray capacitance to a 
minimum. 

FB 

Filter Bias (Pin 10) 

This is the negative input to the ac amplifier. In normal 
operation, this pin is connected to analog ground through 
a 0. 1 nF bypass capacitor in order to cancel the input offset 
voltage of the limiter. It has a nominal input impedance of 
16 ka (see Figures). 

SQT 

Transmit Squelch (Pin 14) 

When this input pin is at a logic high level, the modulator 
is disabled. The line driver remains active if LB is at a logic 
low level (see Table 2) . 

When both LB and SQT are connected to a logic high level, 
see Table 2, the entire chip is in a power down state and 
all circuitry except the crystal oscillator is disabled. Total pow- 
er supply current decreases from 10 mA (Max) to 300 fiA 
(Max). 



TO 

> CARRIER DETECT CIRCUIT 
AND DEMODULATOR 




Figure 3. AC Amplifier Circuit 



GENERAL DESCRIPTION 

The MCI 45442 and MCI 45443 are full-duplex low-speed 
modems. They provide a 300 baud FSK signal for bidirectional 
data transmission over the telephone network. They can be 
operated in one of four basic configurations as determined 
by the state of MODE (Pin 13) and LB (Pin 2). The normal 
(nonloopback) and self test (loopback) modes in both answer 
and originate modes will be discussed. 

For an originate or channel 1 mode, a logic high level is 
placed on MODE (Pin 13) and a logic low level is placed on 
LB (Pin 2). in this mode, transmit data is input on TxD, where 
it is converted to a FSK signal and routed through a low-band 
band-pass filter. The filtered output signal is then buffered by 
the Tx op-amp line driver, which is capable of driving -9 dBm 
onto a 600 Q line. The receive signal is connected through 
a hybrid duplexer circuit on pins 15 and 16, RxA2 and RxAI. 
The signal then passes through the anti-aliasing filter, the 
sample-and-hold circuit, is switched into the high-band 
band-pass filter, and then switched into the ac amplifier circuit. 
The output of the ac amplifier circuit is routed to the 
demodulator circuit and demodulated. The resulting digital 
data is then output through RxD (Pin 5). The carrier detect 
circuit receives its signal from the output of the ac amplifier 
circuit and goes low when the incoming signal is detected (see 
Figure 4a). 

In the answer or channel 2jTiode, a logic low level is placed 
on MODE (Pin 13) and on LB (Pin 2). In this mode, the data 
follows the same path except the FSK signal is routed to the 
high-band band-pass filter and the sample-and-hold signal is 
routed through the low-band band-pass filter. (See Figure 4b.) 

In the analog loopback originate or channel 1 mode, a logic 
high level is placed on MODE (Pin 13) and on LB (Pin 2). This 
mode is used for a self check of the modulator, demodulator, 
and low-band pass-band filter circuit. The modulator side is 
configured exactly like the originate mode above except the 
line driver output (TxA, Pin 1 7) is switched to the negative input 
of the hybrid op-amp. The RxA2 input pin is open in this mode 
and the non-inverting input of the hybrid circuit is connected 
to Vag- The sample-and-hold output bypasses the filter so that 
the demodulator receives the modulated Tx data (see Figure 
4c). This test checks all internal device components except 
the high-band band-pass filter, which can be checked in the 
answer or channel 2 mode test. 

In the analog loopback or chanel 2 mode, a logic low level 
is placed on MODE (Pin 13) and a logic high level on LB 
(Pin 2). This mode is used for a self check of the modulator, 
demodulator, and high-band pass-band filter circuit. This 
configuration is exactly like the originate loopback mode 
above, except the signal is routed through the high-band 
pass-band filter (see Figure 4d). 
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(a) Originate/Channel 1 Mode (Mode = High, LB = Low) 
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(b) Answer/Channel 2 Mode (Mode = Low, LB = Low) 
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(c) Originate/Channel 1 Mode and Analog Loop-Back State (Mode = High, LB = Low) 
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(d) Answer/Channel 2 Mode and Analog Loop-Back State (Mode = Low, LB = Low) 
Figure 4. Basic Operating IVIodes 
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APPLICATIONS INFORMATION 
CARRIER DETECT TIMING ADJUSTMENT 

The value of a capacitor, CcDT a* CDT (Pin 4) determines 
how long a received modem signal must be present above 
the minimum threshold level before CD (Pin 3) goes low. The 
CcDT capacitor also determines how long the CD pin stays 
low after the received modem signal goes below the minimum 
threshold. The CD pin is used to distinguish a strong modem 
signal from random noise. The following equations show the 
relationship between tcDL» the time in seconds required for 
CD to go low; tcDH. the time in seconds required for CD to 
go high; and CcDT. the capacitor value in \iF. 
Valid signal to CD response time: tcDL ~ 6-4 x CcDT 
Invalid signal to CD off time: tcDH ~ 0-54 x CcDT 

Example: tcDL « 6.4x0.1 ^F« 0.64 seconds 
tcDH « 0-54 X 0.1 ^lF « 0.054 seconds 

CARRIER DETECT THRESHOLD ADJUSTMENT 

The carrier detect threshold is set by Internal resistors to 
activate CD with a typical -44 dBm (Into 600 CI) signal and 
deactivate CD with a typical -47 dBm signal applied to the 
input of the hybrid circuit. The carrier detect threshold level 
can be adjusted by applying an external voltage on CDA (Pin 
7). The following equations may be used to find the CDA 
voltage required for a given threshold voltage. (Von and Voff 
are in Vrms.) 

VcDA = 244xVon 
VcDA = 345 X Voff 
Example (Internally set) 

Von = 4.9 mV « -44 dBm: VqdA = 244 x 4.9 mV = 1 .2 V 

Voff = 3.5 mV « -47 dBm: VqdA = 345 x 3.5 mV = 1 .2 V 

Example (externally set) 

Von = 7.7 mV « -40 dBm: VqdA = 244 x 7.7 mV = 1 .9 V 

Voff = 5.4 mV « -43 dBm: VqdA = 345 x 5.4 mV = 1 .9 V 

The CDA pin has an approximate Thevenin equivalent 

voltage of 1 .2 V and an output impedance of 1 00 kO. When 

using the internal 1.2-V reference a 0.1 -^F capacitor should 

be connected between this pin and Vss (see Figure 5). 

TRANSMIT LEVEL ADJUSTMENT 

The power output at TxA (Pin 17) is determined by the value 
of resistor RjLA that is connected between TLA (Pin 20) to 
Vdd (Pin 6). Table 3 shows the Rtla values and the 



corresponding power output for a 600 Q load. The voltage at 
TxA is twice the value of that at ring and tip because TxA feeds 
the signal through a 600 Q, resistor Rjx to a 600 Q, line 
transformer (see Figure 7). When choosing resistor RjlA, 
keep in mind that -9 dBm is the maximum output level allowed 
from a modem onto the telephone line (in the U.S.). In addition, 
keep in mind that maximizing the power output from the 
modem optimizes the signal-to-nolse ratio, improving accu- 
rate data transmission. 

Table 3. Transmit Level Adjust 



Output Transmit Level 
(Typical Into 600 Q) 


Rtla 


-12 dBm 
-11 dBm 
-10 dBm 
-9 dBm 


oo 

19.8 kQ 
9.2 kQ 
5.5 kQ 



THE LINE DRIVER 

The line driver is a power amplifier used for driving the 
telephone line. Both the Inverting and nonlnverting Input to 
the line driver are available for transmitting externally 
generated tones. 

ExI (Pin 18) Is the nonlnverting Input to the line driver and 
gives a fixed gain of 2 (Rj = 50 kQ). The average signal level 
must be the same as Vag ^ maintain proper operation. This 
pin should be connected to Vag '^ no* used. 

The driver summing input (DSI, Pin 1) may be used to 
connect an external signal, such as a DTMF dialer, to the 
phone line. When applying a signal to the DSI pin, the 
modulator should be squelched by bringing SQT (Pin 14) to 
a logic high level. DSI must be left open if not used. 

In addition, the DSI pin is the inverting side of the line driver 
and allows adjustable gain with a series resistor RqsI (see 
Figure 6). The voltage gain. Ay, is determined by the 
equation: 

Av = -pSL 
Rdsi 

where Rf « 20 kQ. 

Example: A resistor value of 20 kQ for Rpsi will provide 
unity gain. 

Av = -(20kQ/20kQ) = -1 
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Figure 5. Carrier Detect Circuit 
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Figure 6. Line Driver Using the DSI Input 
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Figure 7. Typical MC145442/MC1 45443 Applications Circuit 
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RxBO- 
RxA- 



RxGC- 



TxD- 



TLA- 



ENB- 



DATA- 
SCK- 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 

Single Chip 300-Bauci l\/lodem 

MC1 45444 is a silicon gate CMOS frequency sliift keying (FSK) modem 
intended for use witfi telemeter systems or remote control systems over the 
telephone network. 

This device is compatible with CCITT V.21 and contains the entire circuit that 
provides a full-duplex or half-duplex 300 baud data communication over a pair 
of telephone lines. This device also includes the DTMF generator and call progress 
tone detector (CPTD). 

The differential line driver has the capability of driving dBm into a 600 Q load 
with a single +5 V power supply. 

The transmit level is controlled by the programmable attenuator in 1 dB steps. 

Devices functions are controlled through a 3-wire serial interface. 

• Capable of Driving dBm into a 600 Q Load 

• DTMF Generator On-Chip 

• Imprecise Call Progress Detector On-Chip 

• A Transmit Attenuator Programmable in 1 dB Steps 

• 3-wire Serial Interface 

• Compatible with CCITT V.21 

• 2100 Hz Answer Tone Generator On-Chip 

• Analog Loop-Back Configuration for Self Test 

• Simplex, Half-Duplex, and Full-Duplex Operation 



BLOCK DIAGRAM 
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PIN ASSIGNMENT 



RxBO [ 1 • 

FTLC [ 2 

GNDA [ 3 

CDA[ 4 

GND [ 5 

TLA [ 6 

XI [ 7 

X2 [ 8 

SD [ 9 

RxD [ 10 



20 ] RxGC 
19 ] RxA 
18 ] TxAl 
17 ] TxA2 
16 ] DSI 
15 ] Vcc 
14 ] ENB 
13 ] SCK 
12 ] DATA 
11 ] TxD 
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This document contains Information on a new product. Specification and information herein are subject to change without notice. 



MC1 45444 
2-756 



MOTOROLA COMMUNICATIONS DEVICE DATA 



ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vcc 


-0.5 to +7.0 


V 


DC Input Voltage 


Vin 


-0.5 to Vcc +0.5 


V 


DC Output Voltage 


Vout 


-0.5 to Vcc +0.5 


V 


Clamp Diode Current per Pin 


l|K. 'OK 


±20 


mA 


DC Current per Pin 


'out 


±25 


mA 


Power Dissipation 


Pd 


500 


mW 


Storage Temperature Range 


Tstg 


-65 to + 150 


°C 


RECOMMENDED OPERATING CONDITIONS 


Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 


Vcc 


4.5 


5 


5.5 


V 


DC Input Voltage 


Vin 





— 


Vcc 


V 


DC Output Voltage 


Vout 





— 


Vcc 


V 


Input Rise Time 


tr 





— 


500 


ns 


Input Fall Time 


tf 





— 


500 


ns 


Crystal Frequency 


fosc 


— 


3.579545 


— 


MHz 


Operating Temperature Range 


Ta 


-20 


25 


70 


°C 



DC ELECTRICAL CHARACTERISTICS (Vcc = +50 Vdc±10%, Ta = -20 to +70°C) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Input Voltage 


H Level 


V|H 




3.15 


- 


— 


V 


L Level 


VjL 




- 


- 


1.1 


Output Voltage 


H Level 


Vqh 


IQH = 20 ^lA 


Vcc -0.1 


Vcc -0.01 


— 


V 


L Level 


Vol 


IOL = 20^lA 
Iql = 2 mA 


— 


0.01 


0.1 
0.4 


Input Current DATA, SCK, E, TxD 


'in 


Vin = VccorGND 


— 


±1.0 


±10.0 


^A 


Quiescent Supply Current 


Ice 


FSKMode 


— 


8 


— 


mA 




'cc 


Power-Down Mode 1 


— 


- 


300 


^lA 






Ice 


Power-Down Mode 2 


— 


- 


1 


^lA 



TRANSMIT CARRIER CHARACTERISTICS (Vcc = +50 Vdc ±10%, Ta = -20 to +70°C) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Carrier Frequency Channel 1 


Mark"1" 


^1M 


Crystal Frequency 
3.579545 MHz 


974 


980 


986 


Hz 


Space "0" 


fis 


1174 


1180 


1186 


Carrier Frequency Channel 2 


Mark"1" 


f2M 


1644 


1650 


1656 


Space "0" 


f2S 


1844 


1850 


1856 


Answer Tone 


^ans 


2094 


2100 


2106 


Transmit Carrier Level 


Vq* 


Attenuator = dB 
RTLA = oo 


— 


6 


— 


dBm 


Second Harmonic Energy 


V2h* 


— 


-46 


— 


dBm 


Out-of-Band Energy 


Vqe* 


Figure 1 


dBm 



'VTXA1-VTXA2.RL = 1-2ka 
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TRANSMIT ATTENUATOR CHARACTERISTICS (Vqc = +50 Vdc ±10%, Ta = -20 to +70°C) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


IVIax 


Unit 


Attenuator Range 


Arng 







— 


15 


dB 


Attenuator Accuracy 


aacc 




-0.5 


— 


+ 0.5 


dB 



RECEIVER CHARACTERISTICS (Includes Hybrid, Demodulator and Carrier Detector) 

(Vcc = + 5.0 Vdc ± 1 0%, Ta = -20 to + 70°C) 



Characteristic 


Symbol 


Conditions 


IVIin 


Typ 


iVIax 


Unit 


Input Impedance 


R|RX 


RxAPin(Pin19) 


50 


— 


— 


kn 


Receiver Carrier Amplitude 


V|RX , 




-48 


— 


-12 


dBm 


Carrier Detect 


OFF to ON 


Vqdon 


CDA = 1.2V 
fin = 1.0 kHz 


— 


-44 


— 


dBm 


Threshold 


ON to OFF 


Vqdof 


— 


-47 


— 


Hysterisis (VcDON - VcCDOF) 


HVS 


2 


— 


— 


dB 


Carrier Detect Timing 


OFF to ON 


Tqdon 


GDI =0, CDO = 


— 


450 


— 


ms 


CD1 = 0, CDO = 1 


— 


15 


— 


GDI =0, GDI =1 


— 


15 


— 


GD1=1,GD0=1 


— 


80- 


— 


ON to OFF 


tqdoff 


GD1=0, GDO = 


— 


30 


— 


GD1=0, GD0 = 1 


— 


30 


— 


GDI = 0, GDO = 1 


— 


15 


— 


GDI =1,GD0 = 1 


- 


10 


- 



BAND-PASS FILTER CHARACTERISTICS (RxA to FTLC) (VcG = +50 Vdc + 10%, Ta = -20 to +70°G) 



Characteristic 


Symbol 


Conditions 


IVIin 


Typ 


IVIax 


Unit 


FTLG Output Impedance 


ROFT 




10 


— 


50 


kQ 


Adjacent Channel Rejection 


REJ 


VRXA = -12dBm 


— 


50 


— 


dB 


Pass-Band Gain 


GPAS 




— 


10 


— 


dB 


Group Delay 




Low-Band Filter 
930-1230 Hz 


— 


700 


— 


^is 


High-Band Filter 
1600-1 900 Hz 


— 


800 


— 



DTMF CHARACTERISTICS (Vcc = +50 Vdc + 10%, Ta = - 


20 to + 70°C) 










Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Tone Output Level 


Low Group 


Vff 




— 


3 


— 


dBm 


High Group 


Vfh* 


— 


4 


— 


High Group Pre Emphasis 


pe 


Attenuator = dB 





— 


3 


dB 


DTMF Distortion 


DIST 


RTLA = oo 
Crystal Frequency 
3.579545 MHz 


— 


5 


— 


% 


DTMF Frequency Variation 


Afv 


-1 


— 


1 


% 


Out-of-Band Energy 


VOE* 


Figure 1 


dB 


Setup Time 


tosc 




— 


4 


— 


ms 



*VTXA1-VTXA2.RL=1-2kn 
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CPTD CHARACTERISTICS (Vqc = +50 Vdc ±10%, Ta = ■ 


-20to+70°C) 










Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Bandpass Filter Center Frequency 


fc 




— 


400 


— 


Hz 


Bandpass Filter - 3 dB Band Width 


abw 




— 


140 


— 


Hz 


Tone Detect Level 


OFF to ON 


vtdon 


CDA=1.2V 
fjn = 400 Hz 


— 


-44 


— 


dBm 


ON to OFF 


Vtdof 


— 


-47 


— 


Tone Detect Timing 


OFF to ON 


ttdon 


— 


10 


— 


ms 


ON to OFF 


Ttdof 


- 


25 


— 



DEMODULATOR CHARACTERISTICS (Vqc 


, = + 5.0 Vdc ± 1 0%, Ta = -20 to + 70°C) 








Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Bit Bias 


ID 


Input Level = - 24 dBm 


— 


5 


— 


% 


Bit Error Rate 


BER 


Input Level = - 24 dBm 
CCITT Line Simulation 
511 Bit Pattern 
S/N = 5 dB 




0.00001 







SWITCHING CHARACTERISTICS (Vcc = +5.0Vdc ±10%,TA = -20to+70°C) 



Characteristic 


Symbol 


Conditions 


Min 


Typ 


Max 


Unit 


Setup Times DATA to SCK 
SCK to ENB 


tsu 




50 


— 


— 


ns 




50 


— 


— 


ns 


Hold Time SCK to DATA 


th 




50 


— 


— 


ns 


Recovery Time ENB to SCK 


tree 




50 


— 


— 


ns 


Input Rise Time 


tr 




— 


— 


2 


^is 


Input Fall Time 


tf 




— 


— 


2 


^ls 


Input Pulse Width ENB, SCK 


tw 




50 


— 


— 


ns 



3.4k 4k 16k 



256 k 




> f(Hz) 



DATA 



50% 



SCK- 



ENB- 



<-*-- 1 






PREVIOUS 
DATA LATCHED 
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0%-jL 



■ 50% 
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-vcc 

•-GND 

-Vcc 

-GND 

-Vcc 

-GND 



-Vcc 

-GND 



Figure 1 . Out-of-Band Energy 



Figure 2. Switching Characteristics 
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PIN DESCRIPTION 

vcc 

Positive Power Supply (Pin 15) 

This pin is normally tied to the + 5.0 Vdc. A 0.1 |j.F de- 
coupling capacitor should be used. 

GND 

Ground Pin (Pin 5) 

This pin is normally tied to the V. 

GNDA 

Analog Ground (Pin 3) 

Analog ground is internally biased to (Vcc-Vss)/2. It 
should be tied to ground through a 0.1 |iF and 100 \iF 
capacitor. 

X1 

Crystal Oscillator Output (Pin 7) 

Connecting a 3.579545 MHz ±0.1% crystal between XI 
and X2 will cause the transmit frequencies to be within 
±64 MHz of nominal. XI is capable of driving several CMOS 
gates. An external clock may be applied to X2. XI should 
then be left open. 

X2 

Crystal Oscillator Input (Pin 8) 

Refer to XI . 

SCK 

Shift Resister Clock Input (Pin 13) 

This pin is the clock input for the 15-bit shift register. Serial 
data is loaded into the shift register on the rising edge of this 
clock. 

DATA 

Serial Data Input (Pin 12) 

This pin is the 1 5-bit serial data input. This data determines 
the mode, DTMF signal, transmit attenuation, carrier detect 
time, channel, and transmit squelch. 

ENB 

Enable Input (Pin 14) 

Data is loaded into the 15-bit shift register when this pin 
is at a logic low. When this pin transitions from a logic high 
to low, the data is transferred to the internal latch on the falling 
edge of ENB. New data loaded into the shift register will not 
affect the device operation until this pin transitions from high 
to low. (See Figure 2.) 

TxD 

Transmit Data Input (Pin 11) 

This pin is the transmit data input. The mark frequency is 
generated when this pin is at the logic high level. The space 
frequency is generated when the pin is at a logic low. 

RxD 

Receive Data Output (Pin 10) 

This pin is the receive data output. A high logic level of 
this pin indicates that the mark carrier frequency has been 
received, and a low logic level indicates the space carrier 
frequency has been received. 

SD 

Carrier/Call Progress Tone Detect (Pin 9) 

This pin is the output from the carrier detector or call prog- 
ress tone detector. This pin works as a carrier detector in 
the FSK mode and as the call progress tone detector in the 



CPTD mode. The output goes to a logic low. level when the 
input signal reaches the minimum threshold of the detect lev- 
el that is adjusted by the CDA voltage. When SD = H, the 
receive data output (RxD) is clamped high to avoid errors 
that may occur with loop noise. The SD pin is also clamped 
high in the other modes except during the power down mode. 

TxAl 

Non-Inverting Transmit Analog Carrier Output (Pin 18) 

This pin is the line driver non-inverting output of the FSK 
and tone transmit analog signals. A +6 dBm (Max) differen- 
tial output voltage can be obtained by connecting a 1 .2 kQ 
load resistor between Txl and Tx2. Attention must be set 
so as not to exceed this level when an external input is add- 
ed to the DSI pin. A telephone line (600 Q) is driven through 
an external 600 Q resistor. In this case, the output level be- 
comes about a half of the differential output. 

TxA2 

Inverting Transmit Analog Carrier Output (Pin 17) 

This pin is the line driver inverting output. The signal is 
equal in magnitude, but 1 80° out of phase with the TxA1 (refer 
toTxAl). 

RxA 

Receive Signal Input (Pin 19) 

This pin is the receive signal input. The pin has an input 
impedance of 50 kfl (Min). 

RxGC 

Receive Gain Adjust (Pin 20) 

This pin is used to adjust the receive buffer gain. To adjust 
the gain, the signal from the RxBO through a divider is added 
as a feedback. This pin may be held open when the gain 
adjustment is not needed. 

RxBO 

Receiver Buffer Output (Pin 1) 

This pin is the receive buffer output. 

DSI 

Driver Summing Input (Pin 16) 

This pin is the inverting input of the line driver. An external 
signal is transmitted through an external series resistor RdsI- 
The differential gain Gdsi = (VjXAl - VtxA2)/VdsI 's deter- 
mined by the following equation. 

GPSI = -2Rf/RDSI. Rf « 20 kQ 

DSI should be left open when not used. 

CDA 

Carrier Detect Level/CPTD Level Control (Pin 4) 

The carrier/call progress tone detect level is programmed 
with a CDA pin voltage. 

When this pin is held open, the CDA voltage is set to 1 .2 
V with an internal divider. The detect level is set at -44 dBm 
(Typ) for off to on, and -47 dBm (Typ) for on to off.The mini- 
mum hysteresis is 2 dB. This pin has a very high input impe- 
dance so it should be connected to GND with a 0.1 [iF cap- 
acitor to keep it well regulated. An external voltage may be 
applied to this pin to adjust the carrier detect threshold. The 
following equations may be used to find the CDA voltage 
required for a given threshold voltage. 

VcDA = 245xVon 
VcDA = 347xVoff 



MCI 45444 
2-760 



MOTOROLA COMMUNICATIONS DEVICE DATA 



FTLC 

Filter Test (Pin 2) 

This pin is a high-impedance filter output. It may be used 
to check the receive filter. This pin also may be used as a 
demodulator input. In normal operation, this pin is connected 
to the GNDA through a 0. 1 nF bypass capacitor. This pin han- 
dles very small signals so care must be used with the 
capacitor's wiring. 

TLA 

Transmit Carrier Level Adjust (Pin 6) 

This pin is used to adjust the transmit carrier level that is 
determined by the value of the resistor (RTLA) connected 
between this pin and the GND. The maximum transmit level 
is obtained when this pin is connected to GND (RTLA = 0). 

SERIAL INTERFACE 

The following 6 functions are set up with the 15-bit serial 
data. 



FUNCTION MODE 

TRANSMIT ATTENUATOR 

TRANSMIT SQUELCH 

TONE FREQUENCY 

CHANNEL 

CARRIER DETECT TIME 



Figure 3 presents the 1 5-bit serial data timing, starting with 
the carrier detect time, CD1 followed by the channel, the tone 
frequency, the transmit squelch, the transmit attenuator and 
the function mode. This data is loaded into the internal shift 
register at the rising edge of the SGK signal and latched at 
the falling edge of the ENB signal. 
FUNCTION MODE 

Modes are selected from the following 3-bit data (M2-M0, 
see Table 1). 

The following paragraphs describe each function. Table 2 
presents each output status. 



1 M2 


M1 


MO 












1 A3 


A2 


A1 


AO 1 










1 SQ 








1 T3 


T2 


T1 


TO 1 










1 CH 








1 CD1 


CDO 





FSKMode 

The transmitter and the receiver work as a FSK 
modulator/demodulator. The SD pin output is the carrier's 
detect signal. 

Table 1. Function Mode Truth Table 



M2 


M1 


MO 


Function Mode 











FSK 








1 


Analog Loop Back 





1 





CPTD 





1 


1 


Answer Tone 


1 








DTMF 


1 





1 


Single Tone 


1 


1 





Power-Down 1 


1 


1 


1 


Power-Down 2 



Analog Loopback Mode 

TxA1 connects to the receiver internally and FSK signals 
are demodulated. The frequency of the receiver is set up with 
the same frequency as the transmitter. The SD pin output is 
the carrier detect signal. An IC self test is supported with this 
function. 

CPTD Mode 

The receiver detects a 400 Hzcall progress tone. The detect 
signal comes from the SD pin. The transmitter is disabled. 

Answer Tone Mode 

The transmitter works as 2100 Hz answer tone generator. 
The receiver is disabled. 

DTMF Mode 

The transmitter works as a DTMF tone generator. The 
receiver is disabled. 
Single Tone Mode 

The transmitter output is one of DTMF 8 frequencies. The 
receiver is disabled. 



Table 2. Output Status 



Function Mode 


Output 


RxD 


SD 


TxA1,TxA2 


FSK 


Received 
Digital Data 


Carrier 
Detect 


FSK 


Analog Loop Back 


CPTD 


H 


CPTD 


Vcc/2 


Answer Tone 


H 


H 


Answer Tone 


DTMF 


H 


H 


DTMF Tone 


Single Tone 


H 


H 


Single Tone 


Power Down 1 , 2 


Hi-Z 


Hi-Z 


Hi-Z 
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Power-Down Mode 1 

Internal circuits except the oscillator are disabled, and all 
outputs except the X1 pin goes to the high impedance state. 
The supply current decreases to 300 }iA (Max). 

Power-Down Mode 2 

All circuits including the oscillator stop working and all 
outputs go to the high impedance state. The supply current 
decreases to 1 .0 ^lA (Max). 

TRANSMIT ATTENUATOR 

Four-bit serial data (A3-A0) sets up the analog transmit 
leveliotheFSK.answertone.DTMF, analog loop back and 
single tone mode. The range of the transmit attenuator is 
0-15 dB in 1 dB steps. The external signal (DSI) is not 
affected by this attenuator. 
TONE FREQUENCY 

The DTMF tones or the single tone mode is selected by 
the 4-bit serial data (T3-T0). 



Table 3. Transmit Attenuator Truth Table 



A3 


A2 


A1 


AO 


Attenuation (dB) 




























1 













2 












3 





1 








4 





1 







5 





1 







6 





1 






7 













8 












9 












10 











11 




1 








12 




1 







13 




1 







14 




1 






15 



DATA 



^ )(cdi)(cdo)(ch)(t3^(t^ 



SCK 



J1_ 



Figure 3. Serial Data Timing 









Table 4 


. Tone Frequency Truth Table 




T3 


T2 


T1 


TO 


Tone Frequency (Hz) | 


DTMF Mode 


Single 
Tone Mode 


Low Group 


High Group 


Keyboard 
Equivalent 














941 


1633 


D 


941 













697 


1209 


1 


697 












697 


1336 


2 


697 












697 


1477 


3 


697 





1 







770 


1209 


4 


770 





1 







770 


1336 


5 


770 





1 






770 


1477 


6 


770 





1 






852 


1209 


7 


852 












852 


1336 


8 


1336 












852 


1477 


9 


1477 











941 


1336 





1336 











941 


1209 


* 


1209 




1 







941 


1477 


# 


1477 




1 







697 


1633 


A 


1633 




1 






770 


1633 


B 


1633 




1 






852 


1633 


C 


1633 
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TRANSMIT SQUELCH 

The 1-bit serial data (SQ) controls the transmit analog 
signal. The FSK signal, DTMF tones, single tone, and answer 
tone are disabled. The external signal to the DSI will be 
transmitted at that time. The internal line driver works at all 
times except during the power-down mode. 



SQ 


Squelch 


1 


Enable 





Disable 



CHANNEL 

The transmit and receive channel is set up with a 1 -bit serial 
data (OH) when the function mode is either in FSK or analog 
loop back. 

When the function mode is either on the FSK or analog loop 
back mode, the transmit and receive channel is set up with 
a 1-bit serial data (OH). 



CH 


Channel 


1 


1 (Originate) 





2 (Answer) 



CARRIER DETECT TIME 

The carrier detect time (see Figure 4 and Table 5) is set 
by 2-bit serial data (GDI, CDO). ton indicates the amount of 
time the carrier is greater than Von threshold must be present 
before SD goes low. 

tpff, on the other hand, indicates the amount of delay time 

SD goes high after the carrier level becomes lower than Voff 
threshold. 




Figure 4. Carrier Detect Timing 



POWER-ON RESET 

When the power is switched on, this device has the following 
conditions. 



Function Mode 


FSK 


Transmit Attenuator 


OdB 


Transmit Squelch 


Enable 


Channel 


1 (Originate) 



Table 5. Carrier Detect Time Truth Table 


CD1 


CDO 


Carrier Detect Time (Typ) | 


ton (ms) 


toff (ms) 








450 


30 





1 


15 


30 


1 





15 


15 


1 


1 


80 


10 
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V 



100 tiF 0.1 ^F 

1 1 



0.1 hF 



0.1 ^lF 



JT 



T 



r 



3.57945 MHz I I 



GNDA 



FTLC 



CDA 



TLA 



DSI 
XI 



X2 



TxA2 

TxA1 

RxA 
RxGC 
RxBO 

TxD 
RxD 
SD 



DATA 
SCK 
ENB 



vcc 

GND 




600 : 600 



10Q 



600 Q 



I 



TIP 



-O RING 



MCU 



0.1 hF 



t ^ +5V 



$ 



LINE PROTECTION CIRCUIT -±r DIGITAL GROUND 



1 



^ 



ANALOG GROUND 



Figure 5. Application Circuit 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Calling Line Identification (CLID) 
Receiver with Ring Detector 

The MC1 45447 is a silicon gate HCMOS iC designed to demodulate Bell 202 
and V.23 1200-baud FSK asynchronous data. The primary application for this 
device is in products that will be used to receive and display the calling number, 
or message waiting indicator sent to subscribers from participating central office 
facilities of the public switched network. The device also contains a carrier detect 
circuit and ring detector which may be used to power up the device. 

Applications for this device include adjunct boxes, answering machines, feature 
phones, fax machines, and computer Interface products. 

The MC1 45447 offers the following performance features. 

• Ring Detector On Chip 

• Ring Detect Output for MCU Interrupt 

• Power Down Mode, Less Than 1 jiA 

• Single Supply: +3.5 to +6.0 V 

• Pin Selectable Clock Frequencies: 3.68 MHz, 3.58 MHz, or 455 kHz 

• Two Stage Power Up for Power Management Control 

• Demodulates Bell 202 and V.23 



BLOCK DIAGRAM 



TIP 
RING 




MCI 45447 



16 I 1 II U " 


1 P SUFFIX 
PLASTIC DIP 
CASE 648 


1 


DW SUFFIX 

SOG 
CASE 751 G 


ORDERING INFORMATION 


MC145447P 
MC145447DW 


Plastic DIP 
SOG Package 



PIN ASSIGNMENT 



Tl[ 1 < 

Rl[ 2 

RDM [ 3 

RDI2 [ 4 

NC [ 5 

RT [ 6 

PWRUP [ 7 

VSS [ 8 



16 ] Vdd 

15] DOC 

14] DOR 

13] CDO 

12] RDO 

11 ] CLKSIN 

io] OSCjn 

9] OSCout 



NC = NO CONNECTION 



DATA OUT RAW 
(DOR) 

DATA OUT 
COOKED (DOC) 

CARRIER DETECT OUT 
(CDO) 



RING DETECT OUT 
(RDO) 



CLK SELECT IN (CLKSIN) 
3.58 MHz, 3.68 MHz, 
OR 455 kHz 



OSCout 



■o Vdd (16) 

O Vss(8) 
NO CONNECT (5) 
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ABSOLUTE MAXIMUM RATINGS (Voltages referenced to GND, except where noted) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to +6.0 


V 


Input Voltage, All Pins 


Vin 


-0.5toVDD+0.5 


V 


DC Current Drain Per Pin 


1 


±10 


mA 


Power Dissipation 


pd 


20 


mW 


Operating Temperature Range 


Ta 


Oto+70 , 


''C 


Storage Temperature Range 


Tsta 


-40 to + 150 


°C 



This device contains circuitry to protect 
the inputs against damage due to high static 
voltages or electric fields. IHowever, it is ad- 
vised that normal precautions be taken to 
avoid applications of any voltage higher 
than maximum rated voltages to this high 
impedance circuit. For proper operation it is 
recommended that Vjp and Vout be con- 
strained to the range Vss ^ (Vin or Vout) ^ 

Vdd. 

Reliabilityof operation is enhanced if un- 
used inputs are tied to an appropriate logic 
voltage level (e.g., either Vss or Vdd)- 



ELECTRICAL CHARACTERISTICS 

(All polarities referenced to Vss = V, Vqd = +5 V ±10%, unless othen^^lse noted, Ta = to + 


70°C) 






Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 


Vdd 


3.5 


5 


6 


V 


Supply Current (All Output Pins Unloaded) (See Figure 1 ) 
RT = 0, PWRUP = 1 , XTAL = 3.58 MHz 


'dd 


— 


2.4 


3 


mA 


Supply Current (All Output Pins Unloaded) (See Figure 1) 
PWRUP = 0, RT = Don't Care, XTAL = 3.58 MHz 


'dd 


— 


6.2 


8 


mA 


Standby Current (All Output Pins Unloaded) (See Figure 1) 
RT=1,PWRUP = 1 


'STBY 


— 


— 


1 


^A 


Input Voltage Level (CLKSIN, OSCjp) 


V|L 


— 


— 


Vdd X 0.3 


V 


Input Voltage 1 Level (CLKSIN, OSCjn) 


V|H 


Vdd X 0.7 


— 


— 


V 


Output Voltage High: Vqd = 5 V (DOR, DOC, OSCout) 

IOH = 40jiA 
lOH ^ 1 UA 


Vqh 


2.4 
4.95 


"" 




V 


Output Voltage Low: Vqd = 5 V (DOR, DOC, OSCout) 

l0L= 1.6 mA 
lOL^IfiA 


Vol 


~"~ 




0.4 
0.05 


V 


Input Leakage Current (OSCjn, CLKSIN, PWRUP, RT, RDM , and RDI2) 


'in 


— 


— 


+ 1 


HA 


Output Voltage Low: Vdd = 5 V (RDO, RT, CDO) Iql = 2.0 mA 


Vol 


— 


— 


0.4 


V 


Input Threshold Voltage Positive Going: Vqd = 5 V 
(RDI1, RT, PWRUP) (See Figure 3) 


Vt+ 


2.5 


2.75 


3.0 


V 


Input Threshold Voltage Negative Going: VpD = 5 V 
(RDI1, RT, PWRUP) (See Figure 3) 


Vt- 


2.0 


2.3 


2.6 


V 


RDI2 Threshold 


RD2Vt 


1.0 


1.1 


1.2 


V 


TIP/RING Input dc Resistance 


Rin 


— 


500 


— 


kfi 



ANALOG CHARACTERISTICS (Vpo = +5 V, Ta = +25°C, unless otherwise noted, dBm = 0.7746 Vrms @ 600 Q) 



Characteristic 


Min 


Typ 


Max 


Unit 


Input Sensitivity: TIP and RING (Pins 1 and 2, Vdd = +5 V) 


-40 


-45 


— 


dBm 


Band-Pass Filter (BPF) 
Frequency Response (relative to 1700 Hz @ dBm) 60 Hz 

500 Hz 

2700 Hz 

^ 3300 Hz 


- 


-64 
-4 
-3 
-34 


— 


dB 


Carrier Detect Sensitivity 


— 


-48 


— 


dBm 
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SWITCHING CHARACTERISTICS (Vdd = +5 V, Cl = 50 pF, Ta = +25°C) 



Description 


Symbol 


MIn 


Typ 


Max 


Unit 


OSC startup 


tDOSC 


- 


2 


- 


ms 


Power-Up Low to FSK (Setup Time) 


tSUPD 


15 


- 


- 


ms 


Carrier Detect Acquisition Time 


tDAQ 


- 


14 


- 


ms 


End of Data to Carrier Detect High 


tDCH 


8 


- 


- 


ms 



TIMING DIAGRAM 



2 SECONDS 



0.5 
SECOND I 



0.5 
SECOND 



T _TJiRKH01XTO!<§EP,PARTJ)ri V 



RDO 



PWRUP 



CDO 



DOC 



DOR 



OSC - 



\i 0101 1 I DATA \- 



tSUPD 




tDOSC 



I 

tDCH ^ 



I 



COOKED DATA 



RAW DATA 



CLOCK 3.58 MHz, 3.6864 MHz, OR 455 kHz 
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Vdd 

Tl 1 



Rl 2 



RDM 3 



RDI2 4 



NC 5 
RT 6 



PWRUP 7 



RT 



PWRUP 



'dp 



OSCln 



IfiAMAX DISABLE 
2.4mATYP ENABLE 
6.2mATYP ENABLE 



0.1 hf ■=■ 

15 DOC 



14 DOR 



13 CDO 



12 RDO 



11 CLKSIN 



OPEN 



10 OSCin 



9 OSCout 



HDH 

3.579 MHz 
.1 ^AAr-H» 

10 MQ 



Vdd. 



30 
PF 



Figure 1. Iqd Test Circuit 



PIN DESCRIPTIONS 

Ti 

Tip Input (Pin 1) 

This input pin is normally connected to the tip side of the 
twisted pair. It is internally biased to 1/2 supply voltage when 
the device is in the power up mode. This pin must be dc 
isolated from the line. 

Rl 

Ring Input (Pin 2) 

This input is normally connected to the ring side of the 
twisted pair. It is internally biased to 1/2 supply voltage when 
the device is in the power up mode. This pin must be dc 
isolated from the line. 

RDM 

Ring Detect input 1 (Pin 3) 

This input is normally coupled to one of the twisted pair 
wires through an attenuating network. It detects energy on 
the line and enables the oscillator and precision ring 
detection circuitry. 

RDI2 

Ring Detect Input 2 (Pin 4) 

This input to the precision ring detection circuit is normally 
coupled to one of the twisted pair wires through an attenuating 
network. A valid ring signal as determined from this input 
sends the RDO (Pin 12) to a logic 0. 

RT 

Ring Time (Pin 6) 

An RC network may be connected to this pin. The RC time 
constant is chosen to hold this pin voltage below 2.2 V 
between the peaks of the ringing signal. RT is an internal 
power-up control and activates only the circuitry necessary 
to determine if the incoming ring is valid. 



PWRUP 

Power Up (Pin 7) 

A logic on the PWRUP input causes the device to be 
in the active mode ready to demodulate Incoming data. A 
logic 1 on this_pin causes the device to be in the standby 
mode, if the RT in put p in is a t a logic 1 . This pin may be 
controlled by RDO and CDO for auto power-up operation. 
For other applications, this pin may be controlled externally. 



vss 

Ground (Pin 8) 

Ground return pin is typically connected to the system 
ground. 

OSCout 

Oscillator Output (Pin 9) 

This pin will have either a crystal or a ceramic resonator 
tied to it with the other end connected to OSCjn. 

OSCln 

Oscillator Input (Pin 10) 

This pin will have either a crystal or a ceramic resonator 
tied to it with the other end connected to OSCout- OSCjn may 
also be driven directly from an appropriate external source. 

CLKSIN 

Clock Select Input (Pin 11) 

A logic 1 on this input configures the device to accept either 
a 3.579-MHz or 3.6864-MHz crystal. A logic on this pin 
configures the part to operate with a 455-kHz resonator. 

For crystal and resonator specifications see Table 1 . 

RDO 

Ring Detect Out (Pin 12) 

This open -drain output goes low when a valid ringing signal 
is detected. RDO remains low as long as the ringing signal 
remains valid. This signal can be used for auto power up, when 
connected to pin 7. 

CDO 

Carrier Detect Output (Pin 13) 

When low, this open drain outpu t indicates that a valid 
carrier is present on the line. CDO remains low as long as 
the carrier remains valid. An 8-ms hystere sis is b uilt in to allow 
for a momentary drop out of the carrier. CDO may be used 
in the a uto power up configuration when connected to 
PWRUP. 

DOR 

Data Out Raw (Pin 14) 

Thi s pin presents the output of the demodulator whenever 
CDO is low. This data stream includes the alternate 1 and 
pattern, and the 150 ms of marking, which precedes the data. 
At all other times, DOR is held high. 
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DOC 

Data Out Cooked (Pin 15) 

This ou tput p resents the output of the demodulator 
whenever CDO is low, and when an internal validation 
sequence has been successfully passed. The output does not 
include the alternate 1 and pattern. At all other times, DOC 
is held high. 

Vdd 

Positive Power Supply (Pin 16) 

The digital supply pin, which is connected to the positive 
side of the power supply. 

APPLICATIONS INFORMATION 

The MC1 45447 has been designed to be one of the main 
functional blocks in products targeted for the CLASS (Custom 
Local Area Signaling Service). marl<et. CLASS is a set of 
subscriber features now being presented to the consumer by 
the RBOCs (Regional Bell Operating Companies) and 
independent TELCOs. Among CLASS features, such as 
distinctive ringing and selective call fonA/arding, the subscriber 
will also have available a service known as Calling Number 
Delivery (CND) and message waiting. With these services, 
a subscriber will have the ability to display at a minimum, a 
message containing the phone number of the calling party, 
the date, and the time. A message containing only this 
information is known as a single format message, as shown 
in Figure 9. An extended message, known as multiple format 
message, can contain additional information as shown in 
Figure 10. 

The interface should be arranged to allow simplex data 
transmission from the terminating central office, to the CPE 
(Customer Premises Equipment), only when the CPE is in an 
on-hook state. The data will be transmitted in the silent period 
between the first and second power ring after a voice path 
has been established. 

The data signaling interface should conform to Bell 202, 
which is described as follows: 

• Analog, phase coherent, frequency shift keying 

• Logical 1 (Mark) = 1200 ±12 Hz 

• Logical (Space) = 2200 ±22 Hz 

• Transmission rate = 1200 bps 

• Application of data = serial, binary, asynchronous 

The transmission level from the terminating CO. will be 
-13.5 dBm ±1.0. The expected worst case attenuation 
through the loop is expected to be -20 dB. The receiver 
therefore, should have a sensitivity of approximately -34.5 
dBm to handle the worst case installations. 

Additional information on CLASS services can be obtained 
from: 

BELLCORE CUSTOMER SVS. 

1-800-521-2673 

201-699-5800 FOREIGN CALLS 

201-699-0936 FAX 

The document number is: TA-NWT-000030 

Title: "Voice Band Data Transmission Interface Generic 

Requirements" 

Figure 7 is a conceptual design of how the MCI 45447 can 

be implemented into a product which will retrieve the incoming 

message and convert it to EIA-232 levels for transmission to 

the serial port of a PC. With this message and appropriate 



software, the PC can be used to look up the name and any 
additional information associated with the caller that had been 
previously stored. 

Figure 8 is a conceptual design of an adjunct unit in parallel 
with an existing phone. This arrangement gives the subscriber 
CND service without having to replace existing equipment. 

Table 1. Oscillator Specifications 



Clock Select Pin 11 = 1 



Crystal Mode 
Frequency 

Rf 

CI and 02 



Parallel 

3.579 MHz or 3.6864 MHz 

10 MQ 

30 pF 



Source: 
Fox Electronics 
5570 Enterprise Pkwy. 
Ft. Myers, FL 33905 
Tel. 813-693-0099 



Clock Select Pin 11 =0 



OSCin OSCqi 



hDH' 



01 



RF ^ 



02 



Resonator 
Frequency 

Rf 

CI and C2 



#CSB455J 
455 kHz ±0.5% 
1.0 Mfi 
100 pF 



Source: 
Murata Manufacturing Co. Ltd. 
2200 Lake Park Dr. 
Smyrna, GA 30080 
Tel. 404-436-1300 

Note: 

Motorola cannot recommend one supplier over another and 
in no way suggests that this is a complete listing. 



FULL-TIME POWER-UP APPLICATION WITH RING 
DETECTOR CIRCUIT DISABLED 

Some MCI 45447 applications require that the Calling 
Line Identification Receiver be constantly powered. To 
ensure that the device is properly reset, a Logic 1 must be 
applied to PWRUP (Pin 7) for a minimum of 1 us after Vqd 
has reached its full value. It is also necessary that the RT 
pin (Pin 6) be high while PWRUP is high. This may be 
accomplished with an exte rnal ring detect signal or MCU 
generated signal applied to PWRUP. Alternatively, a power 
on reset RC network may be used as shown in Figure 6. 
Rpu and Cpu must be chosen such that the voltage at 
PWRUP meets the logic 1 input threshold requirements for 
1 jis after Vdd has reached its full value. The power supply 
rise time on Vdd (P'" 16) must also be taken into account 
when determining Rpu and Cpu. See Figure 3 for a 
description of the chang e in input t hresholds (Vt+ and Vj-) 
with respect to Vdd ^or PWRUP. Also, some applications 
may not require the ring detect function. In this case, RDM 
(Pin 3) and RDI2 (Pin 4) should be tied to Vss and RT tied 
to Vdd as shown in Figure 6. 
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DESIGN INFORMATION 

The circuit in Figure 2 illustrates in greater detail the 
relationship between device pins 3, 4, 6, and 7. 

The external component values shown in Figure 2 are 
the same as those shown in Figures 7 and 8. When Vdd 
is applied to the circuit in these two figures, the RC network 
will char ge cap C1 to Vdd holding RT (Pin 6) off. If the 
PWRUP (Pin 7) is also held at Vdd. the MC1 45447 will be 
in a power down mode, and will consume 1 |iA of supply 
current (Max). 

The resistor network (R2-R4) attenuates the incoming 
power ring applied to the top of R2. The values given have 
been chosen to provide a sufficient voltage at RDM (Pin 3) 
to turn on the Schmitt trigger input with approximately a 40 
Vrms or greater power ring input from tip and ring. When Vt+ 
of the Schmitt is exceeded, Q1 will be driven to saturation 
discharging cap C1 on RT. This will initialize a partial power 
up, with only the portions of the part involved with the ring 
signal analysis enabled, including RDI2 (Pin 4). At this time 
the MC1 45447 power consumption is increased to approxi- 
mately 2.4 mA (typ). 
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Figure 2. 

The value of R1 and CI must be chosen to hold the RT 
pin voltage below the Vt+ of the RT Schmitt between the 
individual cycles of the power ring. The values shown will work 
for ring frequencies of 15.3 Hz (min). 

With RDI2 now enabled, a portion of the power ring above 
1 .2 V is fed to the ring analysis circuit. This circuit is a digital 
integrator which looks at the duty cycle of the incoming signal. 
When the input to RDI2 is above 1.2 V, the integrator is 
counting up at an 800 Hz rate. When the input to RDI2 falls 
below 1 .2 V, the integrator counts down at a 400 Hz rate. 
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Figure 3. Vpo versus Vt+ and Vj- 

A ring is qualified when an internal count of binary 48 is 
reached. The ring is disqualified when the count drops to a 
binary 32. The number of ring cycles required to qualify the 
signal will depend on the amplitude of the voltage presented 
to RDI2. The shortest amount of time needed to do the 
qualification is approximately 60 ms. The shortest amount of 
time required for dequalification will be appro ximately 40 ms. 

Once the ring signal is qu alified, the RDO pin will be sent 
low. This can be fed back to PWRUP as shown in Figure 7, 
or with a pull-up resistor, can be used as an interr upt to an 
MCU as shown in Figure 8. In either case, once the PWRUP 
pin is below Vj_, the part will be fully powered up, and ready 
to receive FSK. During this mode, the device current will 
increase to approximately 6.2 mA (typ). The state of the RT 
pin is now a "don't care" as far as the part is concerned. 
Normally, however, this pin will be allowed to return to Vdd- 

After the FSK message has been received, the PWRUP 
pin can be allowed to return to Vdd and the part will return 
to the standby mode, consuming less than 1 |xA of supply 
current. The part is now ready to repeat the same sequence 
for the next incoming message. 
TYPICAL DEIVIODULATOR PERFORIVIANCE 

The following describes the performance of the MCI 45447 
demodulator in the presence of noise over a simulated Bell 
3002 telephone loop. 

The Bell 3002 loop represents a worst case local telephone 
loop in North America. The characteristics of this loop, which 
affect performance, are high frequency attenuation and 
Envelope Delay Distortion (EDD) or group delay. 

The minimum receiver sensitivity of the MCI 45447 under 
these conditions is typically -45 dBm. 

The MCI 45447 achieves a Bit Error Rate (BER) of 1 x 1 0-5 
at a Signal-to-Noise Ratio (SNR) of 15 dB in V.23 operation 
and at an SNR of 18 dB in Bell 202 operation (see Figures 
4 and 5). 

All measurements in dBm are referenced to 600 Q: dBm 
= 0.7746 Vrms. 

All measurements were taken using the MC145460EVK 
evaluation board. 
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Figure 4. MC145447V.23 Operation 
(Typical BER vs SNR) 



Figure 5. I\/IC1 45447 Bell 202 Operation 
(Typical BER vs SNR) 
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APPLICATION CIRCUIT 
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Figure 7. Partial Implementation of PC Interface to Tip and Ring 
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Figure 8. Adjunct Box Concept for Calling Number Display 
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Technical Summary 
U-lnterface IVansceiver 

This technical summary provides a brief description of the IVICI 45472 and 
MC1 4LC5472 U-lnterface Transceivers. A complete data book for the MC1 45472 
is available and can be ordered from your local Motorola sales office. The data 
book number is MC145472/D. 

The MC1 45472 U-lnterface Transceiver is a single chip device intended for the 
ISDN Basic Access Interface and conforms to the American National Standard 
known as ANSI T1 .601 -1992. The MCI 45472 can be configured for LT or NT 
applications and performs all necessary Layer 1 functions while utilizing 2B1Q 
line coding. 

The customer data crossing the U Reference Point consists of two 64 kbps 
B channels and one 16 kbps D channel in each direction. This data is input to 
and output from the MC1 45472 via the industry standard Interchip Digital Link 
(IDL). 

The MCI 45472 can operate in many different modes. The control of these 
various modes is provided via special purpose pins and the Serial Control Port 
(SCP). The SCP conforms to the Motorola Serial Peripheral Interface standard, 
an industry standard serial microprocessor interface. 

The MC14LC5472 is a low power, lower cost version of the MCI 45472. This 
technical summary applies to both the MCI 45472 and MC14LC5472 unless 
othenA/ise Indicated. The MC14LC5472 differs from the MCI 45472 in that its 
maximum power dissipation is 500 mW instead of 700 mW for the MCI 45472. 
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Ceramic and Plastic Packages 
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Also, the MC14LC5472 is available in a 68-lead Plastic 
Quad Flat Package (PQFP). Both the MC1 45472 and 
MC14LC5472 are available in a 68-lead Ceramic Quad Flat 
Package. The 68-lead PQFP for the MC14LC5472 has a 
considerably smaller printed circuit board footprint than the 
68-lead Ceramic Quad Flat Package. This permits more 
MC14LC5472S to be placed on a circuit board than would be 
the case if the MC1 45472 was used. 

Information regarding the generic 2B1Q U-lnterface 
requirement is readily available in standards documents such 
as ANSI T1 .601 -1992 and therefore has not been included 
in this document. The U-lnterface equipment designer will find 
the ANSI document to be a useful reference. 

Key features of the MCI 45472 U-lnterface Transceiver 
include: 

• Single Chip 281 Q Echo Canceling Adaptively Equalized 

Transceiver 

• Conforms to ANSI T1 .601 -1 992, Integrated Services Digi- 

tal Network (ISDN)-Basic Access Interface for Use on 
Metallic Loops for Application on the Network Side of the 
NT (Layer 1 Specification) of the American National 
Standards Institute, Inc. 

• Warm Start Capability 

• NT Synchronizes to and Operates with 80 kHz ±32 ppm 

received signal from LT 

• IDL Interface Supports Master, Slave, and Slave-Slave 

Timing Modes 

• On-Chip FIFOs for Transmit and Receive Directions 

• MC14LC5472 power consumption is 500 mW maximum 

when activated 

• MCI 45472 power consumption is 700 mW maximum when 

activated 

• 2B+D Customer Data Provided by the Industry Standard 

IDL Interface 
o Control, Status, and Extended Maintenance Functions 
Provided through the SCP 

o On-Chip Conformance with Activation and Deactivation as 
Specified in the American National Standard T1.601 

• Automatic Handling of Basic Maintenance Functions 

• Automatic Internal Compliance with the Embedded Opera- 

tions Channel (eoc) Protocol as Specified in the 
American National Standard 



• Extended Maintenance Functions Provided through the 

SCP 

• Complete Set of Loop-backs for Both the IDL and U Refer- 

ence Point Directions 

• Pin Selectable for Line Termination (LT) or Network Ter- 

mination (NT) Applications 

• On-Chip 2.5 V Transmit Driver Meeting 1992 Requirement 

• Eight Different Choices of Reference Frequency Input in LT 

Mode 

• High Performance CMOS Process Technology 

• 5 V Power Supply 

• The MC14LC5494EVK is the evaluation platform for the 

MC14LC5472 

ISDN BASIC ACCESS SYSTEM OVERVIEW 
ISDN Reference Model 

The ISDN Reference Model is shown in Figure 1. This is 
a general model which can be adapted to many different 
implementations of the ISDN. The diagram indicates the 
position of the U Reference Point between the Line 
Termination (LT) and the Network Termination 1 (NT1) blocks 
in the model. 

The U-lnterface is the physical point of access to the ISDN 
at the U Reference Point defined in the Reference Model. This 
interface is a single twisted wire pair supporting full-duplex 
transmission of digital information at a rate of 160 kbps. The 
twisted wire pair can extend up to 1 8,000 feet and may include 
bridge taps. This interface is often referred to as a Digital 
Subscriber Line. 

U-lnterface Transceiver Applications 

Some typical ISDN applications of the MCI 45472 
U-lnterface Transceiver are shown in Figure 2. This figure 
shows how Motorola ISDN devices can be configured with 
other Motorola MCUs and Codecs to implement ISDN 
equipment such as terminal adapters, NTIs, terminal 
equipment, line cards, and U-lnterface terminals. 

A typical non-ISDN pair gain application is shown in Figures 
3 and 4. Pair gain is a technique to multiplex two or more 
analog phone lines over a digital line and recreate them at 
the customer location. 

Figure 5 details how to connect two MCI 45472 U-lnterface 
transceivers as a U- Repeater. 
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Key: 

CCSN: Common Channel Signalling Network 

CSN: Circuit Switched Network 

ET: Exchange Termination (CO. Switch) 

LT: Line Termination (Line Card) 

NT1 : Network Termination 1 (OSI Layer 1 Only) 



NT2: Network Termination 2 (OSI Layers 2 and 3) 

PSN: Packet Switched Network 

TA: Terminal Adapter 

TE1: Terminal Equipment 1 (ISDN Terminal) 

TE2: Terminal Equipment 2 (Non-ISDN Terminal) 



Figure 1. ISDN Reference Model 
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Figure 2. MC1 45472 Typical ISDN Applications 
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Figure 3. Pair Gain Application, Central Office Terminal 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 45472.MC1 4LC5472 
2-777 



MC1 45472 


IDL 


MC145480 
5 V CODEC 




POWER FEED 

AND RING 
GENERATION 


CUSTOMER 








ANALOG LINE 1 




SCP 












M6805 




MC145480 
5 V CODEC 




POWER FEED 

AND RING 
GENERATION 


CUSTOMER 


MICROCONTROLLER 








ANALOG LINE 2 



Figure 4. Pair Gain Application, Remote Terminal 
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Figure 5. U Repeater Showing Clock and IDL Connections 
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DEVICE DESCRIPTION 
FUNCTIONAL DESCRIPTION 

Afunctional blockdjagram of the MC1 45472 U-lnterface 
Transceiver is shown in Figure 6. The MC14572 utilizes 
mixed analog and digital signal processing circuit technol- 
ogy to implement an adaptively equalized echo canceling 
full-duplex transmitter/receiver or transceiver. 

2B+D data Is input to the device at the IDL Rx Input. This 
data is passed through a FIFO prior to being formatted and 
scrambled in the Superframe Framer. The resulting 160 kbps 
binary data stream is converted to an 80 kbaud dibit stream 
which is subsequently converted to four analog amplitudes 
by the DAG (digital-to-analog converter). The resulting pulse 
amplitude modulated signal Is band limited by the Tx Filter 
prior to entering the Tx Driver which differentially drives the 
line coupling circuit to the twisted wire pair. 

From the twisted wire pair, information from the far end 
U-lnterface Transceiver is coupled through the external line 
interface circuit to the differential receiver inputs RxPand RxN. 
(In this two wire environment, the transmitted signal is also 
coupled into the receiver inputs.) This combined analog signal 
is converted to a digital word in a sigma-delta, analog-to-digital 
converter. After filtering, an adaptively generated replica of 
the transmitted signal, calculated by the echo canceler, is 
subtracted from the combined signal leaving only the far end 
signal. In addition, phase dispersion present in the far end 
signal is corrected by the Decision Feedback Equalizer. The 
resulting four level signal is decoded by the slicer to produce 
a 1 60 kbps data stream. Timing information is also recovered 
from the far end signal. The Superframe Deframer des- 



crambles and disassembles the received superframes and 
passes the received 2B+D data through a FIFO to the IDL 
Interface where it is available at the IDL Tx output. 

Control and status of the device is handled via the SOP, 
a standard serial microcontroller interface. The SCP provides 
access to the 4 kbps Maintenance Channel in the U-lnterface 
superframe. In addition, activation and deactivation are 
handled by an Automatic Activation Controller and the eoc 
portion of the M channel can be handled automatically with 
the Automatic eoc Processor. 

A crystal oscillator and analog Phase Locked Loop (PLL) 
are provided to ease clocking requirements for the device. 
U-INTERFACE DATA FORMAT 

The data transmitted on the U-lnterface is organized into 
a 12 ms long superframe. This superframe consists of eight 
basic frames each of 1 .5 ms in duration. The first nine bauds 
of each frame are a synchronization word. The next 1 08 bauds 
consists of 12x2B+D data. The last three bauds consist of 
maintenance channel data including a cyclic redundancy 
check. The first frame of the superframe is identified by its 
sync word being inverted. 

The U-lnterface transceiver transmits a four level 281 Q, 
(two binary, one quaternary), line code. Two bits are 
encoded into each baud. Each basic frame consists of 120 
bauds or 240 bits of data. The baud symbols are called + 3, 
+ 1,-1,-3. The B and D channel data is scrambled before 
being transmitted. Figure 7 gives an example of the 2B1Q 
line code. Tables 1 and 2 detail the U-lnterface superframe 
formats. 
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Figure 6. MC1 45472 Functional Block Diagram 
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Table 1. Superframe Data Format, LT -^ NT 





FRAMING 


2B+D 


OVERHEAD BITS {M1_M6) 


QUAT 
POSITIONS 


1-9 


10-117 


118s 


118m 


119s 


119m 


120s 


120m 


BIT POSITIONS 


1-18 


19-234 


235 


236 


237 


238 


239 


240 


BASIC FRAME # 


SYNC WORD 


2B+D 


M1 


M2 


M3 


M4 


M5 


MS 


1 


ISW 


12X2B+D 


eoc 
a1 


eoc 
a2 


eoc 
a3 


act 


1 


1 


2 


SW 


12X2B+D 


eoc 
dm 


eoc 
11 


eoc 
12 


dea 


1 


febe 


3 


SW 


12X2B+D 


eoc 
13 


eoc 
14 


eoc 
i5 


1 


crcl 


crc2 


4 


SW 


12X2B+D 


eoc 
16 


eoc 
17 


eoc 
18 


1 


crc3 


crc4 


5 


SW 


12X2B+D 


eoc 
a1 


eoc 
a2 


eoc 
a3 


1 


crc5 


crc6 


6 


SW 


12X2B+D 


eoc 
dm 


eoc 
11 


eoc 
12 


1 


crc7 


crc8 


7 


SW 


12X2B + D 


eoc 
13 


eoc 
14 


eoc 
15 


uoa 


crc9 


crdO 


8 


SW 


12X2B + D 


eoc 
16 


eoc 
17 


eoc 
18 


aib 


crcll 


crcl 2 



act = start up bit, set = 1 during start up 

aib = alarm indication bit (set = to indicate interruption). 

ore = cyclic redundancy check: covers 28 + D + M4 
dea = turn off bit (set = to indicate turn off) 
febe =far end block error 
uoa = U-only-activation 



1 = reserved bit for future standard (set = 1 ) 

eoc= embedded operations channel 

a= address bit 

dm= data/message indicator (0 = data, 1 = message) 

i= information bit 



Table 2. Superframe Data Format, NT -> LT 





FRAMING 


2B+D 


OVERHEAD BITS (M1_M6) 


QUAT 
POSITIONS 


1-9 


10-117 


118s 


118m 


119s 


119m 


120s 


120m 


BIT POSITIONS 


1-18 


19-234 


235 


236 


237 


238 


239 


240 


BASIC FRAME # 


SYNC WORD 


2B + D 


Ml 


M2 


MS 


M4 


MS 


M6 


1 


ISW 


12x28 + 


eoc 
a1 


eoc 
a2 


eoc 
a3 


act 


1 


1 


2 


SW 


12X2B + D 


eoc 
dm 


eoc 
i1 


eoc 
i2 


ps1 


1 


febe 


3 


SW 


12X2B+D 


eoc 
is 


eoc 
14 


eoc 
15 


ps2 


crcl 


crc2 


4 


SW 


12x28 + 


eoc 
i6 


eoc 
i7 


eoc 
i8 


ntm 


crcS 


crc4 


5 


SW 


12x28 + 


eoc 
a1 


eoc 
a2 


eoc 

83 


cso 


crc5 


crcB 


6 


SW 


12x28 + 


eoc 
dm 


eoc 
i1 


eoc 
i2 


1 


crc7 


crc8 


7 


SW 


12x28 + 


eoc 
i3 


eoc 
i4 


eoc 
15 


sai 


crc9 


crcIO 


8 


SW 


12x28 + 


eoc 
is 


eoc 
i7 


eoc 
i8 


1 


crcH 


crcl 2 



act = start up bit, set = 1 during start up. 
crc = cyclic redundancy check: covers 2B + D + M4 
cso = cold start only (set = 1 for cold start only) 
febe = far end block error 

ntm = NT in test mode bit (set = to indicate test mode) 
sai =S-active indicator bit (optional, set = 1 for S/T activity) 



1 = reserved bit for future standard (set = 1 ) 

eoc = embedded operations channel 

a= address bit 

dm = data/message indicator (0 = data, 1 = message) 

i = information bit 

psi , ps2 = power status bits (set = to indicate power problems) 
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PIN FUNCTIONALITY 

Tables 3 through 7 list the MC 145472 pins in functional 
groups and provide brief pin descriptions. For more detailed 
information refer to the MC1 45472 data book. 

MODE SELECTION 

These pins are used to select the operating mode of the 
MC1 45472 U-lnterface transceiver. 

The RESET pin is a schmitt trigger input and holds the 
MC145472_m a hardware reset condition when at logic 0. 

The NT/LT input pin selects the operating mode of the 
MC1 45472. When at logic 1 the U-lnterface transceiver is in 
NT mode. When at logic the U-lnterface transceiver is in 
LT mode. 



Figures 8 and 9 show typical LT and NT mode connections, 
respectively. 

INTERCHIP DIGITAL LINK (IDL) INTERFACE_ 

The IDL Interface consists of five pins: IDL W\/S, IDL SYNC, 
IDL CLK, IDL Tx, and IDL Rx. With the IDL M/S pin the IDL 
Interface can be configured as an IDL Master (IDL SYNC and 
IDL CLK are outputs) or an IDL Slave (IDL SYNC and IDL 
CLK are inputs). The IDL Interface receives 2B+D data on 
the IDL Rx pin and buffers It through a FIFO to the Superframe 
Framer (See Figure 6). Simultaneously, this block accepts 
2B + D data from the Superframe Deframer, buffers it through 
a FIFO, and transmits It out the IDL Tx pin. Figure 10 shows 
the IDL data formats. 





Table 3. 


Quick Reference to Power Supply and Mode Selection Pins 


Power Supply Pins 


Pin Name 


Pin No. 


Pin Description 


Vdd 


1 , 20, 37, 53 


Positive power supply, nominally + 5 V. 


vss 


21,36,52,68 


Negative power supply, nominally ground. 


Vdd Rx 


4 


Positive power supply for analog receive circuits, nominally + 5 V. 


VssRx 


5 


Negative power supply for analog receive circuits, nominally ground. 


VddTx 


12 


Positive power supply for analog transmit circuits, nominally + 5 V. 


VssTx 


13 


Negative power supply for analog transmit circuits, nominally ground. 


Vdd I/O 


8, 26, 51 


Positive power supply for input and output circuits, nominally + 5 V. 


Vss I/O 


9, 27, 50 


Negative power supply for input and output circuits, nominally ground. 


Vdd pll 


65 


Positive power supply for phase locked loop circuits, nominally + 5 V. 


Vss PLL 


61 


Negative power supply for phase locked loop circuits, nominally ground. 


Mode Selection Pins 


Pin Name 


Pin No. 


Pin Description 


RESET 


40 


Hardware reset when at a logic low, normal operation when at a logic high. This pin has a Schmitt 
trigger input. 


NT/LJ 


39 


Hardware selection of LT (logic low) and NT (logic high) operating mode. 



+3 



-3 



time • 



-1 
01 



+1 


-3 


+3 


+1 


+3 


-3 


-3 


+1 


-1 


-1 


11 


00 


10 


11 


10 


00 


00 


11 


01 


01 



Figure 7. 2B1Q line code 
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Table 4. Quick Reference to IDL and SCP Pins 



Interchip Digital Link (IDL) Interface Pins 


Pin Name 


Pin No. 


Pin Description 


IDL M/S 


42 


Selects between IDL Master (IDL CLK and IDL SYNC are outputs) and IDL Slave (IDL CLK and IDL SYNC 
are inputs) modes. Logic high selects IDL Master mode and logic low selects IDL Slave mode. 


IDL SYNC 


46 


8 kHz IDL frame synchronization input (IDL Slave mode) or output (IDL Master mode). 


IDLCLK 


45 


Bit clock input (IDL Slave mode) or output (IDL Master mode) for serial transfer of 2B+ D data at IDL Tx and 
IDL Rx. 


IDLTx 


44 


This is the 1 DL output for the 2B + D data. 


IDLRx 


43 


This is the IDL input for the 2B + D data. 


Serial Control Port (SCP) Interface Pins 


Pin Name 


Pin No. 


Pin Description 


SCPEN 


38 


SCP Enable Input held low selects the device for a read or write operation to the SCP. 


SCPCLK 


35 


SCP Clock is an input which clocks the SCP data. 


SCPTx 


34 


SCP data output. 


SCPRx 


33 


SCP data input. 


IRQ 


41 


Open drain output held low during an interrupt condition. 



Table 5. Quick Reference to 2B1Q Interface Pins 



2B1Q Interface Pins 


Pin Name 


Pin No. 


Pin Description 


TxP 


11 


Positive output of the differential transmit driver. 


TxN 


14 


Negative output of the differential transmit driver. 


SENSE P 


10 


This pin senses the amplitude of the positive transmit driver output. 


SENSE N 


15 


This pin senses the amplitude of the negative transmit driver output. 


RxP 


2 


Positive input to the differential receive circuit. 


RxN 


3 


Negative input to the differential receive circuit. 


VrefP 


17 


Positive input for off chip voltage reference. Connect a 0.1 ^iF ceramic capacitor between this pin and Vref N. 


VrefN 


16 


Negative input for off chip voltage reference. Connect a 0.1 ^iF ceramic capacitor between this pin and Vref P- 


Tx BAUD CLK 


58 


This pin provides an 80 kHz clock output corresponding to the transmitted 2B1Q bauds. 


Rx BAUD CLK 


57 


This pin provides an 80 kHz clock output corresponding to the received 2B1Q bauds. 


EYE DATA 


24 


Once per received baud period, this pin outputs at a rate of 10.24 Mbps a serial digital word which represents 
the recovered 2B1 Q signal or eye pattern. 


SYS CLK 


22 


A 10.24 MHz clock output derived from the 20.48 MHz crystal oscillator which may be used to sample EYE 
DATA. 


TxSFS 


25 


Generates an output pulse once every transmitted superframe. 
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Table 6. Quick Reference to Phase Locked Loop and Test Pins 



Phase Locked Loop and Clock Pins 


Pin Name 


Pin No. 


Pin Description 


FREQ REF 


67 


In LT mode this input accepts one of eight possible stable input frequencies wliich is frequency 
multiplied to 20.48 MHz, the device's master clock frequency. Connect this pin high or low in NT 
mode. This pin has a Schmitt trigger input. 


FSO 
FS1 
FS2 


56 
55 
54 


The state of these three inputs indicates the frequency being applied to the FREQ REF pin. Con- 
nect these pins low or high in NT mode. 


XTALin 


62 


This is the input of the 20.48 MHz crystal oscillator amplifier. 


XTALout 


64 


This is the output of the 20.48 MHz crystal oscillator amplifier. 


BUF XTAL 


59 


Buffered 20.48 MHz square wave output. 


PDout 


60 


Output of the PLL phase detector. 


PLL CAP 


63 


Connect a 0.1 jiF ceramic capacitor from this pin to ground. 


1 5.36 CLK OUT 


48 


Buffered 15.36 MHz output. 


4.096 CLK OUT 


49 


Buffered 4.096 MHz output. 


4.096 ENABLE 


30 


When tied high this input enables the buffered 4.096 MHz clock output. 



Table 7. Quick Reference to Test Pins 



Test Pins 


Pin Name 


Pin No. 


Pin Description 


TEST 5, 7, 11, 
12,14,15,16 


18,23, 
28,29,31,32,47 


Test pins for Motorola use. These pins should be connected to ground for normal operation. 


TEST 1,2, 6 


6,7,19 


Test pins for Motorola use. These pins should be left open circuit for normal operation. 



The IDL interface can operate in IDL slave mode or IDL 
master mode. This Is independent of the transceiver being 
in LT or NT mode. Normally, IDL slave mode is used when 
the MCI 45472 is configured as an LT and IDL master mode 
Is used when the MCI 45472 Is configured as an NT. The 
MC1 45472 can be used In slave-slave applications. Refer to 
the complete MC1 45472 data book for further details. 

SERIAL CONTROL PORT (SOP) INTERFACE 

The MCI 45472 is equipped with an Industry standard SCP 
Interface. The SCP is used by an external controller, such 
as an MC6805 family microcontroller, MCI 45488 Dual Data 
Link Controller, or MC68302 Integrated Multiprotocol Proces- 
sor, to communicate with the U-lnterface Transceiver. 

The SCP is a full-duplex, four-wire interface with control and 
status information passed to and from the U-lnterface 
Transceiver. The SCP Interface consists of a transmit output, 
a receive input, a data clock, and an enable signal. These 
device p ins are known as SCP Tx, SCP Rx, SCP CLK, and 
SCPEN, respectively. The SCP Clock determines the rate of 
exchange of data in both the transmit and receive directions, 
and the SCP Enable signal governs when this exchange is 



to take place. The four-wire SCP Interface is supplemented 
with an interrupt request line, IRQ, for external microcontroller 
notification of an event requiring service. 

The operation and configuration of the MCI 45472 Is 
controlled by setting "the state of its control registers and 
monitoring its status registers. The control, status, and 
M channel data registers reside in six 4-blt wide Nibble 
Registers, one 12-bit wide "Nibble Register", and sixteen 8-bit 
wide Byte Registers. Figures 11 and 12 are examples of how 
data Is transferred over the SCP. 

2B1Q INTERFACE 

Figure 1 3 shows the recommended 2B1 Q interface network 
for connection to the U-lnterface and component specifica- 
tions are shown In Table 8. 

NOTE 

Motorola continues to qualify several third party sources 
for the 2B1Q Interface transformer. Contact your local 
Motorola representative or the Motorola factory applica- 
tions staff for the latest information regarding compon- 
ent sourcing. 
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PLL 

CRYSTAL 

OSCILLATOR 



SEE 
FIGURE 15 



67 



63 



SCP J 

INTERFACE ^ 



IDL J 
INTERFACE ^ 



+ 5V 



10jiF: 



42 



46 



45 
43 . 
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0.1 hf:^ 


50 






53 
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0.1 ^f:^ 


52 




37 




( 


0.1 ^iF ^ 


36 




20^ 




< 


0.1 ^F ^ 


21 




8 




( 


o.i^iFiJ: 


9 






26, 






0.1 nF ^ 


27 



22 



FREQ REF 

FS2 
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XTALout 
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PDout 
PLL CAP 

VddPLL 

VssPLL 

SCPRx 

SCPTx 

SCPCLK 

SCPEN 

IRQ 

IDLM/S 

IDL SYNC 

IDLCLK 

IDLRx 

IDLTx 

Vdd'/O 

Vssl/0 

Vdd 

vss 

Vdd 

Vss 

Vqd 

Vss 

Vdd'/O 

Vss I/O 

Vdd'/O 

Vss I/O 

SYS CLK 



o 



TxP 

SENSE P 

RxP 

RxN 

SENSE N 

TxN 

VddTx 

VssTx 

VddRx 
VssRx 

VrefP 

VrefN 

Tx BAUD CLK 

Rx BAUD CLK 

TEST1 

TEST 2 

RESET 

Vdd 

Vss 

NT/Er 

TEST 5 

TEST 6 

TEST 7 

TxSFS 

TEST 11 

TEST 12 

EN 4.096 MHz 

TEST 14 

TEST 15 

TEST 16 

15.36 CLK OUT 

4.096 CLK OUT 

NC 

EYE DATA 
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FIGURE 13 
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Figure 8. Typical LT IVIode Connections 
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Figure 9. Typical NT Mode Connections 
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IDL SYNC 



n 



IDLCLK 
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a. IDL Interface Timing In 8-Blt Mode 
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b. IDL Interface Timing in 10-Bit Mode 
Figure 10. IDL Interface Data Formats 
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Figure 11. SCP Byte Register Write Operation Using Double 8-Bit Transfer 
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Figure 12. SCP Register R6 Read Operation 
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Figure 13. Typical 2B1Q Interface Schematic 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MCI 45472.MC1 4LC5472 
2-787 



Table 8. Line Interface Component Values 



Component 


Description 


02 


1 .0 hF, 100 V, 10%, low distortion capacitor 


014 


0.033 ]xF, 50 V, 1 0%, low distortion capacitor. 


015 


0.1 ^F ceramic, 50 V 


016 


270 pF, or nearest commercial value, 1 0%, silver mica or other low distortion, high quality capacitor. 


033 


0.1 ^iF ceramic, 50 V 


R12 


1 4.3 Q, 1 %, metal film or other high quality low distortion resistor. 


R13 


14.3 n, 1%, metal film or other high quality low distortion resistor. 


R14 


1 .00 kn, 1 % metal film or other high quality low distortion resistor 


R16 


1 .00 kQ, 1% metal film or other high quality low distortion resistor 


R62 


1 .69 k^ 1% metal film or other high quality low distortion resistor 


R63 


1 .69 kfi, 1% metal film or other high quality low distortion resistor 


T2 


Pulse transformer, 1 :2 turns ratio. 


Diode Bridge 


4X1N4001 



NOTE: R12, R13, 014, and 016 are specific to Dale transformer part number PT-200-02. Motorola does not warrant this transformer, and in no 
way suggests that this is the only appropriate transformer. 



Crystal Oscillator Or Phase-Locked Loop (PLL) 

These pins provide access to the phase detector and crystal 
oscillator portions of the U-lnterface Transceiver PLL. A 
15.36 MHz and a 4.096 MHz clock output are available for 
other devices. 

In the LT mode, the PLL synchronizes a 20.48 MHz crystal 
oscillator to one of eight possible reference frequencies 
supplied by the switching equipment. This phase locked clock 
assures that the transmitted 2B1Q signal is synchronized to 
the frequency reference supplied at the FREQ REF pin. In 
addition, the very low frequency response (=1 Hz) of the PLL 
loop filter limits jitter present in the frequency reference. Refer 
to Figures 14 and 15 for details of the loop filter network and 
voltage controlled crystal oscillator and Table 11 for suggested 
component values. 

In the NT mode there is both an analog and a digital PLL. 
The analog PLL synchronizes the 20.48 MHz crystal oscillator 
to the recovered 2B1Q signal. The digital PLL synchronizes 
the IDL clock to the recovered 2B1Q signal and also updates 
the analog PLL on a regular basis. This ensures that the 
recovered timing is synchronized to the signal received from 
the LT. In NT mode the U-lnterface Transceiver can lock to 
80 kbaud ±32 ppm receive signals when the recommended 
VCXO circuit is used. 

The FREQ REF pin is a Schmitt trigger digital input which 
provides the reference frequency for the phase locked loop 
in LT mode. The eight possible frequencies include: 2.048, 
2.560, 4.096, 7.680, 8.192, 10.24, 15.36, and 20.48 MHz. 

The three frequency select inputs (FS0-FS2) are used to 
select one of the eight possible reference frequencies which 
may be used to drive the Frequency Reference Input when 



the device is in the LT mode. 

XTALjn and XTALout are the oscillator pins. A 20.48 MHz 
pullable crystal and other components may be connected to 
XTALjn and XTALout to ^orm a voltage controlled crystal 
oscillator in the LT or NT modes. 

PDout is the output of the on-chip phase detector of the PLL. 
PDout 's a current source output of approximately 1 5 p,A and 
connects to the PLL filter network. 

PLL CAP must have a 0.1 |iF capacitor connected between 
it and ground. 
Clock Outputs 

BUF XTAL is the buffered output from the 20.48 MHz osc- 
illator and can be used to drive the XTALjn pin of other 
MC1 45472 devices in the same system. BUF XTAL must not 
be used as a microprocessor clock since it is turned off after 
a reset. 

1 5.36 CLKOUT provides a buffered 1 5.36-MHz clock output 
that can be used for the MCI 45474/75 S/T transceiver clock. 
This clock is a 20.48 MHz clock with every fourth clock tick 
removed. Figure 16 shows the 15.36 MHz clock waveform. 
There may be applications where this clock is inadequate. 

4.096 CLKOUT provides a buffered 4.096 MHz clock 
out-put that can be used for a microcontroller clock. The 4.096 
Enable input, (Pin 30), must be high to enable this clock. 
Test Pins 

The following input pins are utilized by Motorola to test the 
functionality of the MC1 45472 during the manufacturing 
process. These pins should be connected to ground for normal 
operation. 

TEST 5. TEST 7, TEST 11 , TEST 12. TEST 14, TEST 15, TEST 16 
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NOTE: See Table 9 for component values. 

Figure 14. Typical NT Mode Voltage Controlled Crystal Oscillator Schematic 

Table 9. NT Mode Crystal Oscillator Component Values 



Component 


Description 


05 


0.1 nF ceramic, 50 V 


08 


0.1 \lF ceramic, 50 V 


09 


0.1 ^iF ceramic, 50 V 


011,012 


0.01 nF to 0.1 nF ceramic, 50 V 


R22, R23 


270 kQ, 5% 


R9 


0.5Mnto1.5MQ,5% 


V3,V4 


See complete M01 45472 data book for sourcing and specification Information. See Note below. 


Y1 


20.48 MHz ± 40 ppm, 18 pF, pullable between 240 to 300 ppm over a capacitance range of 12 to 22 pF. See complete 
M01 45472 data book for sourcing. 



NOTE: V3, V4 may be combined into a single package. 
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NOTE: See Table 1 for component values. 

Figure 15. Typical LT Mode PLL Crystal Oscillator Schematic 

Table 10. LT Mode PLL Crystal Oscillator Component Values 



Component 


Description 


017 


0.1 nF ceramic, 50 V 


018 


0.1 jiF ceramic, 50 V 


019 


0.1 nF ceramic, 50 V 


O20 


See Table 3-3 for reference frequency dependent value. 


021 


0.01 |iF to 0.1 jiF ceramic, 50 V 


022 


0.01 ^F to 0.1 nF ceramic, 50 V 


R18 


See Table 3-3 for reference frequency dependent value. 


R19 


270kfl,5% 


R20 


270 kfi, 5% 


R29 


0.5MQto1.5Mn,5% 


Rb 


1 kft 


Ro 


47 kQ 


V5 


See complete M01 45472 data book for sourcing and specification information. 


V6 


See complete M01 45472 data book for sourcing and specification information. 


Y2 


20.48 MHz ± 40 ppm, 18 pF, pullable between 240 to 300 ppm over a capacitance range of 12 to 
22 pF See complete M01 45472 data book for sourcing. 
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The following output pins are utilized by Motorola to test 
the functionality of the MC1 45472 during the manufacturing 
process. These pins should be left open circuit for normal 
operation. 

TEST 1, TEST 2, TEST 6 

SCP HIDOM 

The MC1 45472 U-lnterface Transceiver has the capability 
of forcing all outputs (both analog and digital) to the high 
impedance state. This feature, known as "the serial control 
port high impedance digital output mode" is provided to allow 



"in circuit" testing of other circuits or devices resident on the 
same PCB without requiring the removal of the MC1 45472. 

TEST AND DEBUG 

The MC1 45472 permits an external microcontroller to take 
control of the transmit framer by writing to control bits in Byte 
Register 8. This is very useful for debugging prototypes since 
the MC1 45472 can be forced to transmit a variety of signals 
regardless of the presence or lack of presence of a signal 
on the receive pins. Table 12 summarizes these signals and 
the control bits. 



Table 11.. 


LT PLL Frequency Select Options and Component Values 


Reference 

Frequency 

(MHz) 


FS2 


FS1 


FSO 


R18 
(".5%) 


C20 
(^F) 


15.36 











1800 


150 


10.24 








1 


910 


330 


8.192 





1 





2200 


150 


7.68 





1 


1 


3300 


100 


4.096 


1 








2200 


150 


2.56 


1 





1 


3300 


100 


2.048 


1 


.1 





3600 


68 


20.48 


1 


1 


1 


360 


680 



Table 12. Frame Control Modes 



Frame 
Steering 


Frame Control 2:0 


Superframe Framer Mode of Operation 


b7 


bS 


bS 


b4 


NT 


LT 













SNO 


SLO 










1 


Six frames of 10 kHz tone 
followed by SN1 


SL1 







1 





SN2 


SL2 







1 


1 


SN3 


SL3 




1 








10 kHz tone 




1 





1 


40 kHz tone 




1 


1 





Generates a single quat every basic frame which alternates over 
all four of the 2B1 Q symbols. 




1 


1 


1 


Superframe Framer free runs the scrambler with no 
synchronization words. 





Don't care 


The Superframe Framer output is determined by the state of the 
Automatic Activation Controller. 



BUFXTAL 



j\i\i\iwj\i\f\j\pj\r\ 
-\rLrv_f\f\n_j\i\n r 



CLKOUT 



Figure 16. Waveform for 15.36 MHz Clock Output 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MCI 45472.MC1 4LC5472 
2-791 



SERIAL CONTROL PORT REGISTERS 
INTRODUCTION 

This section summarizes all of the MC1 45472 U-lnterface 
Transceiver control and status registers available via the SCP 
Interface. Tables 13 through 15 summarize the registers. 

The MCI 45472 SCP Interface is pin-for-pin identical to that 
of the MCI 45474/75 S/T-lnterface Transceiver. Using the 
same interface as the MCI 45474/75 provides a common 
interface for applications utilizing both the MCI 45472 and the 
MCI 45474/75 such as an NT1 and for applications which 
can use either interface device such as line cards or terminal 
equipment. 

In addition to being pin-for-pin compatible, the architecture 
of the nibble register map and the operation of the SCP 
Interface is similar to that of the MCI 45474/75. This is 
intended to simplify the code development effort and minimize 
device driver code size for a microcontroller. 

See the MCI 45472 data book for a complete description 
of the bits in the register map. 

The Register Map consists of six 4-bit Nibble Registers, 
one 12-bit Register, and sixteen 8-bit Byte Registers, 
designated as NR0-NR5, R6 (See Tables 13 and 14), and 
BR0-BR15 (See Table 15), respectively. Register R6 appears 
in the nibble register memory map but is a 12-bit register and 
is used to access the embedded operations channel 

NIBBLE REGISTER DESCRIPTIONS 

This section briefly describes the U chip nibble registers 
and their uses. The embedded operations channel register 
R6 appears in the nibble register map even though it is a 
12-bit register. 



NRO 

This register contains read/w rite cont rol bits. All bits are 
cleared on Hardware Reset (RESET, Pin 40), but are 
unaffected by Software Reset (NR0(b3)). This register is write 
only when the U-lnterface Transceiver is in Absolute Power 
Down mode (NR0(b1)). 
NR1 

This register contains device activation status. All bits are 
cleared on Software Reset or Hardware Reset. If any bit in 
this register changes from to a 1 , or if Linkup, Superf rame 
Sync, or Transparent/Activation in Progress change from a 
one to a zero, an IRQ 3 (NR3(b3)) Is generated. 
NR2 

Register NR2 contains activation and deactivation control 
bits. All bits are cleared on Software Reset or hardware reset. 
NR3 

This is the interrupt status register. The register is read only. 
All bits are cleared on Software Reset or Hardware Reset. 
Each interrupt status bit in the register operates the same. 
If it is a 1, and it s cor responding interrupt enable is a 1 in 
Register NR4, the IRQ pin on the chip will become active. IRQ 
3 has the highest priority while IRQ has the lowest. 
NR4 

This is the interrupt mask register. All bits are cleared on 
Software Reset or Hardware Reset. Each bit operates the 
same. For example, if bit Enable IRQ 1 is set to 1 by the 
external micro cont roller and the IRQ 1 interrupt bit is set to 
1 in NR3, the IRQ pin (Pin 41) becomes active. 
NR5 

This register contains control bits for the IDL Interface. More 
IDL controls are in Registers BR6 and BR7. All bits are cleared 
on Software Reset or Hardware Reset. 



Tablets. Nibble Registers Map 





b3 


b2. 


b1 


bO 


NRO 


SOFTWARE RESET 


POWER DOWN ENABLE 


ABSOLUTE POWER DOWN 


RETURN TO NORMAL 


NR1 


LINKUP 


ERROR INDICATION 


SUPERFRAMESYNC 


TRANSPARENT/ACTIVATION 
IN PROGRESS 


NR2 


ACTIVATION REQUEST 


DEACTIVATION REQUEST 


SUPERFRAME UPDATE 
DISABLE 


CUSTOMER ENABLE 


NR3 


IRQ 3 


IRQ2 


IRQ1 


IRQO 


NR4 


ENABLE IRQ 3 


ENABLE IRQ 2 


ENABLE IRQ 1 


ENABLE IRQ 


NR5 


RESERVED 


BLOCK B1 


BLOCK B2 


SWAPB1/B2 



Table 14. Register R6 Map 





b22 


bio 


b9 


b8 


b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


R6 


eoc 
a1 


eoc 
a2 


eoc 
a3 


eoc 
dm 


eoc 
i1 


eoc 
12 


eoc 
13 


eoc 
14 


eoc 
15 


eoc 
16 


eoc 
i7 


eoc 
18 
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Table 15. Byte Register Map, BR0>BR15A 





b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


BRO 


M40 


M41 


M42 


M43 


M44 


M45 


M46 


M47 


BR1 


M40 


M41 


M42 


M43 


M44 


M45 


M46 


M47 


BR2 


M50 


M60 


M51 


febe INPUT 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


BR3 


M50 


M60 


M51 


RECEIVED 
febe 


COMPUTED 
nebe 


VERIFIED 
act 


VERIFIED 
dea 


SUPERFRAME 
DETECT 


BR4 


febe 
COUNTER 7 


febe 
COUNTER 6 


febe 
COUNTERS 


febe 
COUNTER 4 


febe 
COUNTERS 


febe 
COUNTER 2 


febe 
COUNTER 1 


febe 
COUNTER 


BR5 


nebe 
COUNTER 7 


nebe 
COUNTER 6 


nebe 
COUNTERS 


nebe 
COUNTER 4 


nebe 
COUNTER 3 


nebe 
COUNTER 2 


nebe 
COUNTER 1 


nebe 
COUNTER 


BR6 


U-LOOP 
B1 


U-LOOP 
B2 


U-LOOP 
2B+D 


U-LOOP 
TRANSPARENT 


IDL-LOOP 
B1 


IDL-LOOP 
B2 


IDL-LOOP 
2B+D 


IDL-LOOP 
TRANSPARENT 


BR7 


BR15A 
SELECT 


RESERVED 


RESERVED 


IDL 
INVERT 


IDL 
FREE RUN 


IDL 
SPEED 


IDL 
M/S INVERT 


IDL 
8/10 


BR8 


FRAME 
STEERING 


FRAME 
CONTROL 2 


FRAME 
CONTROL 1 


FRAME 
CONTROL 


crc 
CORRUPT 


MATCH 
SCRAMBLER 


RECEIVE 
WINDOW 
DISABLE 


NT/LT 
INVERT 


FRAME 
STATE 3 


FRAME 
STATE 2 


FRAME 
STATE 1 


FRAME 
STATED 


RESERVED 


RESERVED 


RESERVED 


NT/LT 
MODE 


BRg 


eoc 
CONTROL 1 


eoc 
CONTROL 


M4 
CONTROL 1 


M4 
CONTROL 


M5/M6 
CONTROL 1 


MS/M6 
CONTROL 


febe/nebe 
CONTROL 


RESERVED 


BR10 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


BR11 


ACTIVATION 
CONTROLS 


ACTIVATION 
CONTROLS 


ACTIVATION 
CONTROL 4 


ACTIVATION 
CONTROLS 


ACTIVATION 
CONTROL 2 


ACTIVATION 
CONTROL 1 


ACTIVATION 
CONTROL 


ACTIVATION 
TIMER DISABLE 


ACTIVATION 
STATE 6 


ACTIVATION 
STATE 5 


ACTIVATION 
STATE 4 


ACTIVATION 
STATES 


ACTIVATION 
STATE 2 


ACTIVATION 
STATE 1 


ACTIVATION 
STATE 


ACTIVATION 
TIMER EXPIRE 


BR12 


ACTIVATION 

CONTROL 

STEER 


INTERPOLATE 
ENABLE 


LOAD 

ACTIVATION 

STATE 


STEP 

ACTIVATION 

STATE 


HOLD 

ACTIVATION 

STATE 


JUMP 
SELECT 


RESERVED 


FORCE 
LINKUP 


EPI18 


EPI17 


EPI16 


EPI15 


EPI14 


EPI1S 


EPI12 


EPI11 


BR13 


ENABLE 

MEC 
UPDATES 


ACCUM 

EC 
OUTPUT 


ENABLE 

EC 
UPDATES 


FAST 

EC 

BETA 


ACCUM 

DFE 
OUTPUT 


ENABLE 

DFE 
UPDATES 


FAST 

DFE/ARC 

BETA 


CLEAR ALL 
COEFF'S 


EPI10 


EPI9 


EPI8 


EPI7 


EPI6 


EPIS 


EPI4 


EPI S 


BR14 


RESERVED 


ro/woTO 
r/w 


RESERVED 


FRAMERTO 

DEFRAMER 

LOOP 


±1 TONES 


RESERVED 


RESERVED 


ENABLE 
CLKs 


BR15 


RESERVED 


RESERVED 


RESERVED 


MASK 4 


MASKS 


MASK 2 


MASK1 


MASKO 


BR15A 


FREQ 
ADAPT 


JUMP 
DISABLE 


RESERVED 


RESERVED 


ENABLE 
TxSFS 


ENABLE 
15.S6MHZ 


ENABLE 
20.48 MHz 


ENABLE EYE 

DATA AND BAUD 

CLK 


RESERVED 


RESERVED 


RESERVED 


RESERVED 


RESERVED 
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R6 

This register is 12-blts long to match the length of the eoc 
nnessage. Operation of Register R6 depends on the setting 
of the eoc control bits in BR9(b7:b6) and BR14(b6). This 
register is double buffered. 

In the default mode (BR14(b6) is 0), R6 performs as a read 
only/write only register. Data that is read from R6 by the 
external microcontroller is the eoc message that the 
Superframe Deframer stores according to the eoc Control 
register, BR9(b7:b6). Data that is written to R6 is stored in 
a latch contained in the Superframe Framer and is 
subsequently transmitted beginning on the next transmit eoc 
frame boundary. The Superframe Framer latches are set to 
ones on hardware or software resets. 

BYTE REGISTER DESCRIPTIONS 

This section briefly describes the U-chip byte registers and 
their uses. 
BRO 

This register contains the M4 channel bits that are framed 
and sent by the Superframe Framer. The bits that are written 
to this register are sent out on the next transmit superframe 
boundary. This register is doubl e buffere d. All bits are set to 
1s following a Hardware Reset (RESET, Pin 40) or Software 
Reset (NR0(b3)). 
BR1 

By reading this register, the external microcontroller obtains 
a buffered copy of the M4 bits that are parsed from the received 
superframe by the Superframe Deframer. The values in the 
register are valid when Superframe Sync, NR1(b1), is a one. 
BR1 is updated based on the mode set in Register 
BR9(b5:b4). This register Is double buffered. The receive M4 
channel byte can be read at any time during the superframe 
prior to the next update. 

BR2 

This register contains the reserved M5 and M6 bits that are 
sent by the Superframe Framer. The bits that are written to 
the register are sent out on the next transmit superframe 
boundary, provided Superframe Updated Disable (NR2(b1)) 
is set to 0. All bits are set to 1s following a Hardware Reset 
or Software Reset. The febe input bit is used to indicate how 
the returning febe bit is calculated. Bits b7, b6, and b5 are 
double buffered. The state of the Reserved bits BR2(b3:bO) 
is inconsequential. 

BR3 

This register contains the ANSI T1 .601 -1992 reserved M5 
and M6 bits that are received by the Superframe Deframer, 
occurring in basic frames 1 and 2 of the superframe, and four 
other Superframe Deframer status bits. The M5 and M6 values 
in the register are valid when the Superframe Sync bit 
(NRI(bl)) is a 1. M50, M51, and M60 are updated based on 
the mode set in Register BR9(b3:b2). Bits b7, b6, b5 are 
double buffered. They can be read at any time during the 
superframe prior to the next update. 
BR4 

This register contains the current febe count. The counter 
is not cleared by a software or hardware reset. The register 
can be preset to any value by writing to it. If the febe bit is 
active in a superframe, the counter will increment at the end 
of the received superframe. The count does not wrap around 
from FF to 00 The counter will not increment unless 
Superframe Sync (NR1 (b1 )) and Linkup (NR1 (b3)) are both 
1s. 



BR5 

This register contains the current nebe count. A nebe occurs 
whenever the received crc message does not match the 
computed crc or when Linkup (NR1 (b3)) is a 1 and Superframe 
Sync (NRI(bl)) is a 0. Superframe timing to increment the 
nebe counter during times when Superframe Sync is a is 
maintained by the Superframe Framer. The counter is not 
cleared by a software or hardware reset. The register can be 
preset to any value by writing to it. If the Superframe Deframer 
detects a crc error in the received superframe, the counter 
will increment at the end of that superframe. The count does 
not wrap around from FF to 00. 

BR6 

This register contains the loop-back controls. Loopbacks 
can be directed towards the U-lnterface or towards the IDL 
Interface. For normal (no loop-back) operation all bits should 
be 0. BR6 is cleared by a Software Reset, Hardware Reset, 
or when the Return to Normal bit (NRO(bO)) is set. When a 
bit is set to a 1 the appropriate loop-back is enabled. 
BR7 

This register is used to configure the IDL interface. By 
setting bits in this register the IDL interface can be configured 
as master or slave, 8- or 10-bit data format, or the IDL clock 
rate can be selected when in master mode. BR7 is cleared 
on Hardware Reset or Software Reset. All bits in this register 
are read/write. 
BR8 

This register contains controls that are used for mainte- 
nance operations such as external loop-backs, Superframe 
Framer Control and State information, and NT/LT mode 
control. All write capable bits are cleared on a Software Reset 
or Hardware Reset. Bits b7-b4, and bO, are read only/write 
only. To read the write only bits, it is necessary to set BR1 4(b6) 
to a one. 
BR9 

This register contains mode control over the Deframer's 
updating of the received maintenance bits. The register is 
cleared on Software Reset or Hardware Reset. 
BR10 

This register Is RESERVED. 
BR11 

This register contains activation state and control data. All 
the bits are cleared on Hardware Reset and Software Reset. 
The register is a read only/write only register. Setting BR1 4(b6) 
to a 1 permits the external microcontroller to read back the 
write portion of the register. 
BR12 

This register is read only/write only. The write only portion 
controls the U-lnterface Transceiver's Central Processing Unit 
(CPU) and activation controller. The read portion contains the 
eight most significant bits of the Error Power Indicator (EPI) 
register In the CPU. By setting BR14(b6) to a 1 , the external 
microcontroller can read back the setting of the control bits. 
These bits are cleared on a Hardware Reset or Software 
Reset. 
BR13 

This register contains several bits that control the internal 
operation of the U-lnterface Transceiver. These bits are 
cleared on a Hardware Reset or Software Reset. 
BR14 

This register is used for setting various diagnostic modes. 
This register is cleared on a Hardware Reset or Software 
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Reset. When all of these bits are 0, the register map is in the 

default mode. 

BR15 

This register contains the revision number of the particular 
U-lnterface Transceiver device in bits 0-4. BR15 is accessed 
by an SCP transfer when BR7(b7) is a and the byte address 
in the SCP transfer is 15. 

BR15A 

This register is used to enable clock and test data outputs. 
All writeable bits in this register are cleared to after a reset. 
BR15A is accessed by an SCP transfer when BR7(b7) is a 
1 and the byte address in the SCP transfer is 15. 

Table 16. NT Mode Activation Signals 



procedure undertaken by the device using these five signals 
is described later in this section. 

Table 17. LT Mode Activation Signals 



Information 
Station 


Description 


TN 


A 10 kHz tone consisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 6 frames. 


SNO 


No signal transmitted 


SN1 


Synchronization word present, no superframe 
synchronization word (ISW). and 28 + D + M = 1 . 


SN2 


Synchronization word present, no superframe 
synchronization word (ISW), and 2B+D + M = 1. 


SN3 


Synchronization word present, superframe syn- 
chronization word (ISW) present. M channel bits 
active. Transmitted 28 + D data operational 
when M4 act bit = 1 . When M4 act = 0, trans- 
mitted 28+ D data = 1 . 



ACTIVATION AND DEACTIVATION 

INTRODUCTION 

Activation or start-up is the process that U-lnterface 
Transceivers use to initiate a robust full-duplex communica- 
tions channel. This process, which may be initiated from either 
the LT or the NT mode U-lnterface Transceiver, is a 
well-defined sequence of procedures during which the training 
of the equalizers and echo cancelers at each end of the 
transmission line takes place. Two types of activation, cold 
start or warm start, may occur. The MCI 45472 is capable of 
automatically supporting both types. 

Deactivation is the process used to gracefully end 
communication between the U-lnterface Transceivers at each 
end of the transmission line. Only the LT mode U-lnterface 
Transceiver may initiate a deactivation procedure. 

The internal register set of the MCI 45472 is detailed in 
Tables 13 through 15. 

ACTIVATION SIGNALS FOR NT MODE 

When configured as an NT, the U-lnterface Transceiver can 
transmit any of the signals shown in Table 16. The actual 
procedure undertaken by the device using these five signals 
is described later in this section. 

ACTIVATION SIGNALS FOR LT MODE 

When configured as an LT, the U-lnterface Transceiver can 
transmit any of the signals shown in Table 17. The actual 



Information 
Station 


Description 


TL 


A 10 kHz tone consisting of alternating four + 3 
quats followed by four - 3 quats for a time 
period of 2 frames. 


SLO 


No signal transmitted 


SL1 


Synchronization word present, no superframe 
synchronization word (ISW), and 28 + D + M = 1. 


SL2 


Synchronization word present, superframe syn- 
chronization word (ISW) present, 28 + D = 0, 
andM = 1. 


SL3 


Synchronization word present, superframe syn- 
chronization word (ISW) present. M channel bits 
active. Transmitted 28 + D data operational 
when M4 act bit = 1 . When M4 act = 0, trans- 
mitted 28+ D data = 0. 



ACTIVATION INITIATION 

The U-lnterface Transceiver can be activated in either of 
two ways. The external microcontroller can explicitly set the 
Activation Request bit, NR2(b3), to a 1 or the transceiver can 
detect an incoming 10 kHz wake-up tone from the far end. 

An LT configured U-lnterface Transceiver looks for an NT 
sending the TN wake-up tone. An NT configured U-lnterface 
Transceiver looks for an LT sending the TL wake-up tone. In 
either case, Activation Request being set or a wake-up tone 
being detected, the U-lnterface Transceiver proceeds with 
activation automatically and signals the result of the activation 
to the external microcontroller by setting status bits in NR1. 

ACTIVATION INDICATION 

The activation status is indicated in Nibble Register 1. This 
register indicates whether the MCI 45472 is not activated, is 
in the process of activating or fully activated. This register also 
is used to provide error status. 

LT DEACTIVATION PROCEDURES 

ANSI T1 .601-1 992 specifies that only the LT can deactivate 
the U-lnterface. This is done in the MCI 45472 by setting 
Deactivation Request (NR2(b2)) to 1. 

NT DEACTIVATION PROCEDURES 

ANSI T1 .601 -1992 specifies that the NT cannot initiate 
deactivation. The MCI 45472 deactivates to a warm start 
condition when Deactivation Request (NR2(b2)) is set to 1 
prior to the LT deactivating the U-lnterface. This should be 
done in response to the M4 dea bit changing from a 1 to a 
at the NT when the loop is active. 

M CHANNEL BITS 

The eoc, M4, M5, and M6 channel bits are available at the 
SCP Interface once activation has been attained. All of the 
maintenance channel bits appear in the register map of the 
MCI 45472. These bits can be programmed by an external 
microcontroller to operate as defined in the ANSI T1.601 
specification. The MCI 45472 has several operating modes 
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for the M channel bits including a mode that automatically 
implements the embedded operations channel function in NT 
mode. Due to the M channel bits being register accessible 
they can also be redefined for proprietary applications. 

SCP INTERFACE INDICATION OF TRANSMIT STATES 

The four SCP bits, FS3-FS0 BR8(b7:b4), indicate the 
current state of the Superframe Framer. See Table 1 2 for frame 
control modes. 



MAINTENANCE CHANNEL 
INTRODUCTION 

The MC1 45472 provides a very flexible Interface to the 
4 kbps Maintenance Channel (M channel) defined in ANSI 
T1 .601 -1 992. The M channel consists of 48 bits sent by both 
the LT and NT configured U-lnterface Transceivers during the 
course of a superframe. These 48 bits are divided into six 
channels designated M 1 -M6, each consisting of eight bits per 
superframe. The Embedded Operations Channel (eoc) 
consists of M1 , M2, and M3. The overhead bits, such as crc, 
febe, act, and dea, are contained in channels M4, M5, and 
M6. 

An external microcontroller can read from or write to the 
M channel via the SCP Interface. Interrupts to an external 
microcontroller can be enabled when an eoc, M4, M5, or M6 
channel register is updated. M channel registers can be 
configured to update when a new value is detected between 
successive superframes, when a bit changes, or when two 
or three successive superframes of a new value are detected. 
The M4 channel act bit (BR1(b7)) can also be configured to 
automatically enable or disable customer data when in NT or 
LT mode of operation. The M4 channel dea bit (BR1 (b6)) can 
also be configured to automatically issue a deactivation 
request in NT mode of operation. The M channel registers are 
updated only when Superframe Sync (NR1(b1)) is set to 1. 

Figures 17 and 18 detail Maintenance Channel interrupt 
times with respect to the U-lnterface for both NT and LT 
modes. 

EMBEDDED OPERATIONS CHANNEL (eoc) 

The eoc consumes 2 kbps of the 4 kbps Maintenance 
Channel (M4 channel). The eoc channel is used by the central 
office (LT) to initiate maintenance operations at the NT. The 
MC145472 can be configured to automatically perform the 
standard ANSI T1 .601 eoc operations when in NT mode. The 
MCI 45472 can also be configured to permit an external 
microcontroller to service eoc commands. This permits 
extensions of the eoc command set to be implemented as the 
ANSI T1 .601 standard is changed or proprietary solutions can 
be implementedfornon-ISDN applications. Byte Register BR9 
is used to configure the operating mode of the eoc. An interrupt 
is generated when the eoc register R6 is updated and Enable 
IRQ 2 (NR4(b2)) is set to 1. 



M4 CHANNEL 

The M4 channel is used for signaling maintenance and 
system status between the NT and the LT. Typical information 
will be power status sent from the NT to the LT or the LT letting 
the NT know that the LT will deactivate the loop. The 
MCI 45472 provides four different modes that the M4 channel 
can operate in. A system designer can select whichever mode 
best fits the application. The received M4 data from the 
Superframe Deframer is available in BRO. The transmitted M4 
channel data is written to Byte Register BR1. Byte Register 
BR9 is used to configure the operating mode of the M4 
channel. An interrupt is generated when BRO is updated and 
Enable IRQ 1, NR4(b1), is set to 1. 

MS AND MB CHANNELS 

The M5 and M6 channels are similar to the M4 channel. 
At this time the ANSI T1.601 specification defines all bits in 
these two channels as reserved bits. The MCI 45472 provides 
full access to these channels so they can be used in non-ISDN 
applications. The received M5 and M6 data from the 
Superframe Deframer is available in BR2. The transmitted 
M5/M6 channel data is written to Byte Register BR3. Register 
BR9 is used to configure the operating mode of the M5/M6 
channels. These channels are configured as a pair. An 
interrupt is generated when BR2 is updated and Enable IRQ 
(NR4(bO)) is set to one. 

febe AND nebe BITS 

The MCI 45472 has extensive febe (Far End Block Error) 
and nebe (Near End Block Error) maintenance capabilities. 
The state of the received computed nebe and of the received 
febe is available through the SCP Interface. Also, independent 
febe and nebe counters are available for performance 
monitoring purposes. 

LOOP-BACK MODES 

INTRODUCTION 

The MCI 45472 U-lnterface Transceiver supports four 
different loop-back types, each having various modes. The 
four types are: 1) U-lnterface Loop-Back, 2) IDL Interface 
Loop-back , 3) Superframe Framer-to-Deframer Loop-Back, 
and 4) External Analog Loop-Back. Each of these loop-back 
modes is selected by setting bits in the appropriate SCP 
register(s). Any combination of loop-backs may be invoked, 
including simultaneous loop-backs toward the U-interface and 
toward the IDL Interface. These loop-backs are available with 
transparency or non-transparency. "Transparent" means that 
a loop-back passes the data on through to the other side as 
well as looping it back and "non-transparent" means that the 
data is blocked from being passed downstream and is 
replaced with the idle code (all Is). 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



QUAT117 



TRANSMinEDM4 UPDATED 

FROM BRO 

TRANSMIHED M5 AND M6 CHANNELS 

UPDATED FROM BR2 

TRANSMIHED eoc UPDATED FROM R6 

Tx SFS PULSE OUTPUT ON PIN 25. 

SEE NOTE. 
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1 SUPERFRAME (12 ms)- 



QUAT 120 

IRQ 1, IRQ 2 
BR1 UPDATED FROM 
RECEIVED M4 CHANNEL 
R6 UPDATED FROM 
RECEIVED eoc CHANNEL 



QUAT 120 

IRQ 0, IRQ 2 

BR3 UPDATED FROM 

RECEIVED M5 AND M6 

CHANNELS 

febe STATUS BIT UPDATED 

R6 UPDATED FROM 

RECEIVED eoc CHANNEL 



QUAT 120 

IRQ 1, IRQ 2 
BR1 UPDATED FROM 
RECEIVED M4 CHANNEL 
nebe STATUS BIT UPDATED 
R6 UPDATED FROM 
RECEIVED eoc CHANNEL 



NOTE: 

Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quats prior to the Tx 
SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 at pin 25. Internal to the MCI 45472 the Tx SFS 
pulse is generated during Quat 117. 

Figure 17. NT Mode Maintenance Channel Updates 



U-iNTERFACE LOOP-BACK 

U- Interface Loop-back is shown in Figure 1 9. As the shaded 
portion of the block diagrann shows, this loop-back nnode 
exercises virtually the entire U-lnterface Transceiver, 2B1Q 
symbols are received from the far end transmitter, recovered, 
passed through the IDL Interface block, and transmitted back 
to the far end receiver. 



IDL INTERFACE LOOP-BACK 

IDL Interface Loop-back is shown in Figure 20. As the 
shaded portion of the block diagram shows, this loop-back 
mode takes B and D channel data In at the IDL Rx pin and 
sends the same data back out the IDL Tx pin. 
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QUAT120 

IRQ 1, IRQ 2 
BR1 UPDATED FROM 
RECEIVED M4 CHANNEL 
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RECEIVED eoc CHANNEL 
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1SUPERFRAME(12ms) 
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SEE NOTE. 



QUAT117 
TRANSMIHED eoc UPDATED FROM R6 



NOTE: 

Due to internal superframe delays the actual sync word marker on the TxP and TxN pins occurs 8 quats prior to the 
Tx SFS pulse. This causes the Tx SFS pulse to appear during Quat 113 ± 1 at pin 25. Internal to the MCI 45472 the 
Tx SFS pulse is generated during Quat 117. 

Figure 18. LT Mode Maintenance Channel Updates 
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Figure 19. U-lnterface Loop-Back Block Diagram 
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Figure 20. IDL Interface Loop-Back Block Diagram 
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Superframe Framer-to-Deframer Loop-Back 

Superframe Framer-to-Deframer Loop-back is shown in 
Figure 21 . As the shaded portion of the block diagram shows, 
this loop-back mode takes B and D channel data in at the 
IDL Rx pin and M channel data via the SCP, performs all of 
the superframe framing and subsequent def raming functions, 
and sends the same data back out the IDL Tx pin and SCP. 
This loop-back mode is intended primarily for diagnostic 
purposes. 
External Analog Loop-Back 

External Analog Loop-back is shown in Figure 22. As the 
shaded portion of the block diagram shows, this loop-back 
mode takes B and D channel data in at the IDL Rx pin and 



transmits the data out the Tx Driver pins. The 2B1Q signal 
passes through the external line interface circuitry and back 
into the receiver input pins. The signal is then recovered and 
sent out the IDL Tx pin. Note that the external line interface 
has been physically disconnected from the U-lnterface 
twisted wire pair. 

Since the entire 2B1Q superframe is being looped back, 
loop-back data includes the 2B+D channels and all of the 
M channels. For instance, data written by an external 
microcontroller to the eoc, M4, and M5/M6 registers, (R6, 
BRO, and BR2), is looped back and can be read from the 
eoc, M4, and M5/M6 registers, (R6, BR1, and BR3). 
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Figure 21. Superframe Framer-to-Deframer Loop-Back Block Diagram 
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Figure 22. External Analog Loop-Back Block Diagram 
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Technical Summary 

ISDN S/T Interface TVansceiver 

This technical summary provides a brief description of the MC1 45474 and 
MC1 45475 S/T Interface Transceivers. A complete data book for the 
MCI 45474/75 is available and can be ordered from your local Motorola 
Semiconductor Sales Office (order number MC145474/D). 

The MC1 45474/75 ISDN S/T transceiver provides an economical VLSI Layer 1 
interface for the transportation of two 64 kpbs B channels and one 16 kpbs 
D channel between the network termination or NT and terminal equip- ment 
applications or TEs. Both the MC1 45474 and the MC1 45475 conform to CCITT 
1.430 and ANSI TI.605 specifications. 

The MC1 45474/75 provides the modulation/line drive and demodulation/line 
receive functions required of the interface. In addition, the MC1 45474/75 pro- 
vides the activation/deactivation, error monitoring, framing, bit, and octet timing. 
The MC1 45474/75 provides the control signals for the interface to the Layer 2 
devices. Complete multiframe capability is provided. 

The MC1 45474/75 features to Interchip Digital Link (IDL) for the exchange of 
2B+D channel information between ISDN components and systems. The 
MC1 45474/75 provides an industry standard serial control port (SCP) to program 
the operation of the tranceiver. 

• Conforms to CCITT 1.430 and ANSI T1 .605 Specifications 

• Detects Far-End Code Violations (FECVs) in the NT Mode 

• Incorporates the IDL 

• Pin Selectable NT or TE Modes of Operation 

• Industry Standard Microprocessor SCP 

• Supports 1:1 Transformers for Transmit and Receive 

• Exceeds the Recommended Range of Operation in all Configurations 

• Complete Multiframing Capability Supported (SC1-SC5 and Q Channel) 

• Optional B Channel Idle, Invert, or Exchange 

• Supports Full Range of S/T and IDL Loopbacks 

• Supports Transmit Power Down and Absolute Minimum Power Mode 

• Supports Crystal or External Clock Input Modes 

• MCI 45475 Bonded Out for NT1 Star Mode of Operation 

• CMOS Design for Low Power Operation 

• The MC14LC5494EVK may be used to evaluate the MCI 45474 



MCI 45474 
MCI 45475 





P SUFFIX 
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CASE 736B 



DW SUFFIX 

SOG 
CASE 751 F 



ORDERING INFORMATION 



MC145474P 
MC145475DW 
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This document contains information on a new product. Specification and information herein are subject to change without notice. 
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BLOCK DIAGRAM 
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ABSOLUTE MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Supply Voltage 


Vdd 


-0.3 to +7.0 


V 


Input Voltage (any pin to Vss) 


Vin 


- 0.3 to Vdd + 0.3 


V 


DC Current, any pin (excluding Vqd. Vss. 
TxP.andTxN) 


1 


±10 


mA 


Operating Temperature 


Ta 


-40 to + 85 


"C 


Storage Temperature 


Tstg 


-85 to +150 


°C 



This device contains circuitry to protect 
tlie inputs against damage due to high 
static voltages or electrical fields; however, 
it is advised that normal precautions be 
taken to avoid applications of any voltage 
higher than maximum rated voltages to this 
high-impedance circuit. For proper oper- 
ation, it is recommended that Vjn and Vout 
be constrained to the range Vss ^ (Vin or 
Vout) ^Vdd- Reliability of operation is 
enhanced if unused digital inputs are tied to 
an appropriate logic voltage level (e.g., 
either Vss or Vdd)- 



DIGITAL DC ELECTRICAL CHARACTERISTICS (CMOS MODE, BR13(6) = 

(Ta = - 40 to + 85''C, Vdd = 5.0 V ± 1 0%, Voltages referenced to Vss) 


0) 








Characteristics 


Symbol 


l\1in 


Max 


Unit 


Input High Voltage 


V|H 


3.5 


- 


V 


Input Low Voltage 


V|L 


-0.3 


1.5 


V 


Input Leakage Current @ 5.5 V 


lin 


- 


5 


^A 


High-Impedance Input Current @ 4.5/0.5 V 


'lkg(Z) 


- 


10 


^A 


Input Capacitance 


Cin 


- 


10 


PF 


Output High Voltage (Iqh = "400 ^A) 


VOH 


2.4 


- 


V 


Output Low Voltage (Iql = 5.0 mA) 


Vol 


- 


0.5 


V 


XTAL Input High Level 


V|H(X) 


3.5 


- 


V 


XTAL Input Low Level 


V|L(X) 


- 


0.5 


V 


EXTAL Output Current (Vqh = 4.6 V) 


lOH(X) 


- 


-400 


^A 


EXTAL Output Current (Vql = 0.4 V) 


lOL(X) 


- 


400 


\iA 


IRQ Output Low Current (Vql = 0.4 V) 




- 


1.7 


mA 


IRQ Output Off-State Impedance 




100 


- 


kQ 



DIGITAL DC ELECTRICAL CHARACTERISTICS (TTL MODE, BR13(6) = 1) 

(Ta = - 40 to + 85°C, Vdd = 5.0 V ±10%, Voltages referenced to Vss) 



Characteristics 


Symbol 


Min 


Max 


Unit 


Input High Voltage 


V|H 


2.0 


— 


V 


Input Low Voltage 


V|L 


-0.3 


0.8 


V 



Note: The MCI 45474/75 can be programmed to accept TTL levels on all digital Input pins (this does not include XTAL and EXTAL). The 
MCI 45474/75 is configured for TTL mode by writing a 1 to BR1 3(6). Programming the MCI 45474/75 for TTL mode has no effect on either the digital 
output pins, the crystal circuit, TxP/TxN, or RxP/RxN. Thus, the only dc electrical characteristics that differ, when operating in the CMOS mode, 
are the input voltages accepted on the digital inputs. 



ANALOG CHARACTERISTICS (Ta = - 40 to + 85°C, Vdd = 5.0 V ± 10%, Voltages referenced to Vss) 






Characteristics 


Min 


Typ 


Max 


Unit 


TxPn'xN Drive Current Rl = 50 ii 


13.5 


15 


16.5 


mA 


(TxP-TxN) Voltage Limit 


- 


- 


1.17 


Vpeak 


Input Ampliftude (RxP - RxN) 


35 


- 


- 


mVpeak 
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POWER DISSIPTION (Ta = - 40 to + 85°C, Vpo = 5.0 V ± 10%, Voltages referenced to Vss) 



Characteristics 


IVIin 


Typ 


IVIax 


Unit 


Notes 


DC Supply Voltage (Vdd) 


4.5 


5.0 


5.5 


V 




Worst Case Power Consumption 


— 


— 


175 


mW 


1 


Transmit Power Down (NR1(2) = 1) 


— 


— 


75 


mW 


2 


Absolute Minimum Power (NR1 (1 ) = 1 ) 


— 


— 


40 


mW 


2 



NOTES: 

1 . The worst case power consumption occurs when the MCI 45474/75 is transmitting a 96 kHz test tone (BR 1 1 (0) = 1 ) into a 50 Q load resistor. 
The 15.36 MHz clock is being provided by the crystal as depicted in Figure 1 . 

2. The power consumption figures for transmit power-down and absolute minimum power are both determined with the crystal circuit as de- 
picted in Figure 1 still connected and operational. 

IDL TIMING CHARACTERISTICS (NT MODE, IDL SLAVE) (Ta = - 40 to + 85°C, Vqd = 5.0 V + 10%, Voltages referenced to Vss) 



Ref# 


Characteristics 


IVIin 


Max 


Unit 


1 


Time Between Successive IDL SYNCs 


Note 1 


2 


IDL SYNC Active after IDL CLK Falling Edge (Hold Time) 


30 


— 


ns 


3 


IDL SYNC Active before IDL CLK Falling Edge (Setup Time) 


30 


— 


ns 


4 


IDL CLK Period 


Note 2 


5 


IDL CLK Width High 


70 


— 


ns 


6 


IDL CLK Width Low 


70 


— 


ns 


7 


IDL Rx Valid before IDL CLK Falling Edge (Setup Time) 


30 


— 


ns 


8 


IDL Rx Valid fater IDL CLK Falling Edge (Hold Time) 


30 


— 


ns 


9 


IDL Tx Time to High Impedance 


— 


30 


ns 


10 


1 DL Tx High Impedance to Active State 


— 


70 


ns 


11 


IDL CLK to IDL Tx Active 


— 


70 


ns 



NOTES: 

1 . IDL SYNC is an 8 kHz signal. The phase relationship between IDL SYNC and IDL CLK is as described earlier. 

2. IDL CLK input frequency can be run at 1 .536 MHz, 1 .544 MHz, 2.046 MHYz, 2.56 MHz, or 4.098 MHz. 



XTAL 



EXTAL 




15.36 MHz 
10 MQ rn AT CUT QUARTZ 

CRYSTAL 



Figure 1. Crystal Circuit 
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IDL TIMING CHARACTERISTICS (NT MODE IDL MASTER OR TE MODE WITH THE IDL CLK RATE SET TO 2.56 MHz) 

(Ta = - 40 to + 85°C, VpD = 5.0 V ± 10%, Voltages referenced to Vss) 



Ref# 


Characteristics 


Min 


Max 


Unit 


1 


Time Between Successive IDL SYNCs 


Note 1 


2 


IDL SYNC Active after IDL CLK Falling Edge (Hold Time) 


160 


230 


ns 


3 


IDL SYNC Active before IDL CLK Falling Edge (Setup Time) 


160 


230 


ns 


4 


IDL CLK Period 


Note 2 


5 


IDL CLK Width Higli 


Note 2 


6 


IDL CLK Width Low 


Note 2 


7 


IDL Rx Valid before IDL CLK Falling Edge (Setup Time) 


30 


— 


ns 


8 


IDL Rx Valid fater IDL CLK Falling Edge (Hold Time) 


30 


— 


ns 


9 


1 DL Tx Time to High Impedance 





30 


ns 


10 


IDL Tx High Impedance to Active State 


— 


45 


ns 


11 


IDL CLK to IDL Tx Active 


— 


45 


ns 



NOTES: 

1 . IDL SYNC is an 8 kHz signal. The phase relationship between IDL SYNC and IDL CLK is as described earlier. 

2. In NT Mode IDL Master or TE Mode, the IDL CLK is generated internally in the MCI 45474/75. When configured for 2.56 MHz operation, 
IDL CLK is the crystal frequency divded by 6 and has a 50% duty cycle. 

IDL TIMING CHARACTERISTICS (NT MODE IDL MASTER OR TE MODE WITH THE IDL CLK RATE SET TO 2.048 MHz) 

(Ta = - 40 to + 85°C, Vdo = 5.0 V ± 1 0%, Voltages referenced to Vss) 



Ref# 


Characteristics 


Min 


Max 


Unit 


1 


Time Between Successive IDL SYNCs 


Note 1 1 


2 


IDL SYNC Active after IDL CLK Falling Edge (Hold Time) 


210 


280 


ns 


3 


IDL SYNC Active before IDL CLK Falling Edge (Setup Time) 


210 


280 


ns 


4 


IDL CLK Period 


Note 2 


5 


IDL CLK Width High 


Note 2 


6 


IDL CLK Width Low 


Note 2 


7 


IDL Rx Valid before IDL CLK Falling Edge (Setup Time) 


30 


— 


ns 


8 


IDL Rx Valid fater IDL CLK Falling Edge (Hold Time) 


30 


— 


ns 


9 


IDL Tx Time to High Impedance 





30 


ns 


10 


IDL Tx High Impedance to Active State 


— 


45 


ns 


11 


IDL CLK to IDL Tx Active 


— 


45 


ns 



NOTES: 

1 . IDL SYNC is an 8 kHz signal. The phase relationship between IDL SYNC and IDL CLK is as described earlier. 

2. In NT Mode IDL Master or TE Mode, the IDL CLK is generated internally in the MCI 45474/75. When configured for 2.048 MHz operation, 
IDL CLK is the crystal frequency divded by 7.5 and has a 53.3% duty cycle. 
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Figure 2. IDL Timing Characteristics 
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SCP TIMING CHARACTERISTICS 



Ref# 


Characteristics 


Min 


Max 


Unit 


12 


SCPEN Active before Rising Edge of SCPCLK 


50 


— 


ns 


13 




50 


— 


ns 


SCPOLK Rising Edge before SCPEN Active 


14 


SCP Rx Valid before SCPCLK Rising Edge (Setup Time) 


35 


— 


ns 


15 


SCP Rx Valid after SCPCLK Rising Edge (Hold Time) 


20 


— 


ns 


16 


SCPCLK Period (See Note 1 ) 


244 


— 


ns 


17 


SCPCLK Width (Low) 


30 


— 


ns 


18 


SCPCLK Width (High) 


30 


— 


ns 


19 


SCP Tx Active Delay 





50 


ns 


20 


SCPEN Active to SCP Tx Active 





50 


ns 


21 


SCPCLK Failing Edge to SCP Tx High Impedance 


— 


30 


ns 


22 


SCPEN Inactive before SCPCLK Rising Edge 


50 


— 


ns 


23 


SCPCLK Rising Edge before SCPEN Active 


50 


— 


ns 


24 


SCPCLK Falling Edge to SCP Tx Valid Data 





50 


ns 



NOTES: 

1 . Maximum SCPCLK frequency is 4.096 MHz. 



SCPEN 



SCPCLK 



SCPRx 
(Note 1) 



SCPTx 
(Note 2) 



SCPRx 
(Note 3) 



SCPTx 
(Notes) 



\1 



n/vAAAAvav^vuir 



<^ 



Kl!H 



-® 



® 



)( 



00( 



A X A X__JC__yv_jN__X_ 



/ 



^^ 



)C< 



exDocxxxxxj 



NOTES: 

1 . During a nibble read, four bits are presented on SCP Rx. 

2. During a nibble read, SCP Tx will be active for the duration of the 4-bit transmission as shown. 

3. A byte transaction consists of two 8-bit exchanges. During the first exchange, whether a read or a write, 8 bits (the byte register address) 
are presented on SCP Rx. In the second exchange, 8 bits are presented on SCP Tx during a byte read. During a byte write, the second 
exchange consists of 8 bits presented to SCP Rx. 



Figure 3. SCP Timing Characteristics 
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NT1 STAR MODE TIMING CHARACTERISTICS 



Ref# 


Characteristics 


MIn 


Max 


Unit 


25 


Propagation Delay from ANDjn to ANDout. while receiving INFO 


— 


30 


ns 



ANDin 



ANDout 



J 



> 25 



1 



Figure 4. NT1 Star Mode 



D CHANNEL TIMING CHARACTERISTICS (IE Mode) 



Ref# 


Characteristics 


IVIin 


Max 


Unit 


26 


DREQ Valid before Falling Edge of IDL SYNC 


30 


— 


ns 


27 


DREQ Valid after Falling Edge of IDL SYNC 


30 


— 


ns 


28 


DGRNT Valid before Falling Edge of IDL SYNC 


390 


— 


ns 
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Figure 5. D-Channel Timing 
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Figure 6. D-Cliannel Timing 
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PIN DESCRIPTIONS 

ISET 
Current Set 

A current programming resistor is connected between this 
pin and ground. 

RxP, RxN 

Receive Positive, Receive Negative 

The S/T interface pseudo-ternary signal is input through 
these pins. 

TE/NT 

Terminal Equipment/Network Termination 

This pin is an input and selects the TE or NT mode of 
operation. 

DGRANT/FSYNC 

D Channel Grant/Frame Synchronization 

This pin is a dual function output and operates as DGRANT 
when TE mode is selected, and FSYNC when NT mode is 
selected. 

DGRANT: The DGRANT output is asserted when the 
MC1 45474/75 has determined that it can access the D channel. 
FSYNC: FSYNC is asserted when the MC1 45474/75 has 
achieved frame synchronization. 

ANDin 

NT1 Star Mode D Channel AND Gate Input 

This pin is an input to the MC1 45475 and is used in NT1 
star mode. 

vss 

Negative Power Supply 

This pin is the most negative power supply pin and digital 
logic ground. It is normally V. 

FSYNC/ANDout 

Frame Synchronization/ 

NT1 Star D Mode Channel AND Gate Output 

This pin is a dual function output and operates as FSYNC 
when TE mode is selected and ANDout when NT mode is 
selected. This pin is available only on the MC1 45475. 

FSYNC: FSYNC is asserted when the MC1 45475 has achieved 
frame synchronization. 

ANDout: This pin is an output from the MC1 45475 and is used in 
NT1 star mode. 

DREG/FIX 

D Channel Request/ 

Fixed/Adaptive Timing Select 

This pin is a dual function input and operates as DREQ when 
TE mode is selected and FIX when NT mode is selected. 

DREQ: The DREQ input should be asserted when access to the 
D channel is desired 

FIX: This input is used to select fixed or adaptive timing mode in 
an NT configured MC1 45474/75. 

CLASS/ECHOjn 

D Channel Class Selection/ 

NT1 Star Mode Echo Channel Input 

This pin is a dual function input and operates as CLASS 
when TE mode is selected and ECHOjn when NT mode is 
selected. This pin is available only on the MC1 45475. 

CLASS: This pin selects the desired class or priority to be used 
when transmitting data on the D channel. 

ECHOjn: This pin is an input to the MC1 45475 and is used in NT1 
star mode. 



IDL SYNC 

IDL Frame Synchronization Signal 

The 8 kHz IDL frame synchronization signal is transmitted 
or received through this pin. When the MC1 45474/75 is 
operating as an IDL slave, this pin is an input to the device. 
Conversely, when the device is operating as an IDL master, 
this pin is an output. 

IDL CLK 

IDL Clock Signal 

The IDL clock signal is transmitted through this pin. When 
the MC1 45474/75 is operating as an IDL slave, this pin is an 
input to the device. Conversely, when the device is operating 
as an IDL master, this pin is an output. 

IDLRx 

IDL Receive Input 

This pin is an input to the MC1 45474/75. 2B + D data is 
received through this pin and then modulated onto the S/T 
interface. 

IDLTx 

IDL Transmit Output 

This pin is an output from the MC1 45474/75. Demodulated 
2B + D data from the S/T interface is transmitted through this 
pin. 

SCP Rx 

SCP Receive Input 

The serial control port receive line is used to input con- 
trol, status, and data information into the MC1 45474/75 S/T 
transceiver. 

SCPTx 

SCP Transmit Output 

The serial control port (SCP) transmit line is used to output 
control, status, and data information from the MC1 45474/75 
S/T transceiver. 

SCPCLK 

SCP Clock Signal 

The serial control port clock is used to clock control, status, 
and data information into and out of the MC1 45474/75 S/T 
transceiver. 



SCPEN 

SCP Enable Signal 

This signal when held low selects the SCP for the transfer 
of control, status, and data information into and out of the 
MC1 45474/75 S/T transceiver. 

LB ACTIVE 
Loopback Active 

This pin is always an output from the device. If any of the 
loopbacks are invoked, or any combination of the loopbacks 
are invoked then this pin will be held high. 

IRQ 

interrupt Request Line 

The interrupt request active low pin is an active low open 
drain output used to signal MPU or MCU devices that an 
interrupt condition exists in the MC1 45474/75 S/T transceiver. 

AONT 

Active Only NT 

This pin is always an input to the device. The active only 
NT feature is applicable only to the NT mode of operation and 
is available as an output pin on the MC1 45475 and as an SCP 
control bit (BR7(6)) in both versions of the device. 
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Vdd 

Positive Power Supply 

This pin is the positive power supply input to the 
MC1 45474/75 and is 5.0 V ± 10% with respect to Vss- 

XTAU2 

7.68 MHz Clocl< Output 

This pin is always an output from the device. The 
MC1 45474/75 S/T transceiver's 1 5.36 MHz clock Is Internally 
divided by two and the output of this divider (7.68 MHz) 
presents itself on the XTAI_/2 pin. 

XTAL and EXTAL 

Crystal Input and Crystal Output 

The MC1 45474/75 S/T transceiver requires a 15.36 MHz 
clock source for operation. This can be provided by a 
15.36 MHz resonant crystal circuit using XTAL and EXTAL 
as the terminals of the circuit, or an external 1 5.36 MHz clock 
source can be input to the device via the XTAL pin. An inverter 
is internally connected between XTAL and EXTAL with XTAL 
as the input to the inverter and EXTAL as the output. 

TxP, TxN 

Transmit Positive, Transmit Negative 

These pins act as differential current limited voltage source 
drive pairs for creating the logical line signals. 



RESET 

MCI 45474/75 Reset 

When low, a hardware reset is applied to the MCI 45474/75. 



WIRING CONFIGURATIONS 
INTRODUCTION 

The MCI 45474/75 ISDN S/T transceiver conforms to 
CCITT 1.430 and ANSI T1.605 specifications. It is a Layer 1 
S/T transceiver designed for use at the S and T reference 
points. It is designed for both point-to-point and multipoint 
operation. The S/T transceiver is designed for use in either 
the network terminating (NT) mode or in terminal equipment 
(TE) applications. Two 64 kpbs B channels and one 1 6 kpbs 
D channel are transmitted in a full duplex fashion across the 
interface. 

Suggested wiring configurations follow. These configura- 
tions are deemed to be the most common but by no means 
the only wiring configurations. Note that when operating in the 
TE mode, only one TE has the 100 Q termination resistors 
in the transmit and receive paths. Figures 7 through 10 
illustrate where to connect the termination resistors for the 
described loop configurations. 
POINT-TO-POINT OPERATION 

In the point-to-point mode of operation one NT communi- 
cates with one TE. As such, 1 00 Q termination resistors must 



be connected across the transmit and receive paths of both 
the NT and TE transceivers. Figure 7 illustrates this wiring 
configuration. 

When using the MCI 45474/75 in this configuration, the NT 
must be in adaptive timing. This Is accomplished by holding 
the DREQ/FIX pin low (i.e., connecting it to VSS). CCITT 1.430 
and ANSI T1 .605 specify that the S/T transceiver must be able 
to operate up to a distance of 1 km In the point-to-point mode. 
This is the distance D1, shown in Figure 7. 
SHORT PASSIVE BUS OPERATION 

The short passive bus is intended for use when up to eight 
TEs are required to communicate with one NT. TEs can be 
distributed at any point along the passive bus, the only 
requirement being that the termination resistors be located 
at the end of the passive bus. Figure 8 illustrates this wiring 
configuration. CCITT 1.430 and ANSI T1.605 specify a maxi- 
mum operational distance from the NT of 200 meters. This 
corresponds to the distance D2, as shown in Figure 8. 

EXTENDED PASSIVE BUS OPERATION 

A wiring configuration whereby the TEs are restricted to a 
grouping at the far end of the cable, distant from the NT, is 
shown as the "Extended Passive Bus." This configuration is 
as illustrated In Figure 9. The termination resistors are to be 
positioned as illustrated in the diagram. 

The essence of this configuration Is that a restriction is 
placed on the distance between the TEs. The distance D3, 
as illustrated in Figure 9, corresponds to the maximum 
distance between the grouping of TEs. CCITT 1.430 and ANSI 
T1 .605 specify a distance of 25 to 50 meters for the separation 
between the TEs, and a distance of 500 meters for the total 
length. These distances correspond to the distances D3 and 
D4, as shown in Figure 9. 

Note that the "NT configured" MCI 45474/75 should be 
placed in the adaptive timing mode for this configuration. This 
is achieved by holding the DREQUEST/FIX pin low. 

BRANCHED PASSIVE BUS OPERATION 

A wiring configuration which has somewhat similar 
characteristics to those of the "Extended Passive Bus" is 
known as the "Branched Passive Bus" and Is illustrated in 
Figure 10. In this configuration the branching occurs at the 
end of the bus. The branching occurs after a distance D1 from 
the NT. The distance D5 corresponds to the maximum 
separation between the TEs. 

NT1 STAR MODE OF OPERATION 

A wiring configuration which may be used to support multiple 
T interfaces is known as the "NT1 Star Mode of Operation." 
This mode of operation is supported by the MCI 45475. This 
mode is described later. Note that the NT1 Star mode contains 
multiple NTs. Each of these NTs can be connected to either 
a passive bus (short, extended, or branched) or to a single 
TE. 
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Figure 7. Point to Point 
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Figure 8. Short Passive Bus 





1 


















- D4 






w 


MT 






"^ 


















TxP 

TxN 
MC1 45474/75 

RxP 
RxN 


TR 




, 


TR 










































TR 






TR 




























I i 


y 


' 1 




k 1 


1 

\ 


r \ 




















i 


r 




i 










TxP TxN RxP RxN 

MC145474/75 

TE 




TxP TxN RxP RxN 
MC145474/75 

TE 





Figure 9. Extended Passive Bus 
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ACTIVATION/DEACTIVATION OF 
S/T TRANSCEIVER 

INTRODUCTION 

CCITT 1.430 and ANSI T1 .605 define five information states 
for the S/T transceiver. When the NT is in the fully operational 
state it transmits IN FO 4. When the TE is in the fully operational 
state ittransmits INFO 3. INF01 is transmitted by the TE when 
it wants to wal<e up the NT INFO 2 is transmitted by the NT 
when it wants to wake up the TE, or in response to the TEs 
transmitted INFO 1. These states cause unique patterns of 
symbols to be transmitted over the S/T Interface. Only when 
the S/T loop is in the fully activated state are the 2B+D 
channels of data transmitted over the interface. 

TRANSMISSION STATES FOR NT MODE S/T 
TRANSCEIVER 

When configured as an NT, an S/T transceiver can be in 
any of the following transmission states shown in Table 1 . 

Table 1 . NT Mode Transmission States 



Information 
State 


Description 


INFOO 


The NT transmits 1 s in every bit position. This 
corresponds to no signal being transmitted. 


INFO 2 


The NT sets its B1 , B2, D, and E channels to 0. 
The A bit is set to 0. 


INFO 4 


INFO 4 corresponds to frames containing 
operational data on the B1 , 82, D, and E 
channels. The A bit is set to 1 . 



TRANSMISSION STATES FOR TE MODE SH" 
TRANSCEIVER 

When configured as a TE, an S/T transceiver can be In any 
of the following transmission states shown in Table 2. 

ACTIVATION OF S/T LOOP BY NT 

The NT activates the loop by transmitting INFO 2 to the TE 
or TEs. This is accomplished in the MCI 45474/75 by setting 



NR2(3) to a 1. Note that this bit is internally reset to after 
the internal activation state machine has recognized its active 
transition. 

Table 2. TE Mode Transmission States 



Information 
State 


Description 


INFOO 


The TE transmits 1s in every bit position. This 
corresponds to no signal being transmitted. 


INF01 


The TE transmits a continuous signal with the 
following pattern: positive zero, negative zero, 
six ones. This signal is asynchronous to the NT. 


INFO 3 


INFO 3 corresponds to frames containing 
operational data on the 81 , 82, and D 
channels. If INFO 4 or INFO 2 is being 
received, INFO 3 will be synchronized to it. 



The TE or TEs on receiving INFO 2 will synchronize to it 
and transmit back I N FO 3 to the NT. The NT on receiving I N FO 
3 from the TE will respond with INFO 4, thus activating the 
loop. 
ACTIVATION OF S/T LOOP BY TE 

The TE can activate an inactive loop by transmitting INFO 
1 to the NT. This is accomplished in the MC1 45474/75 by 
setting NR2(3) to a 1. Note that this bit is internally reset to 
after the internal activation state machine has recognized 
its active transition. 

The NT upon detecting INFO 1 from the TE will respond 
with INFO 2. The TE upon receiving a signal from the NT will 
cease transmission of INFO 1, reverting to an INFO state. 
After synchronizing to the received signal and having fully 
verified that it is INFO 2, the TE will respond with INFO 3, thus 
activating the loop. 
FULL ACTIVATION 

When the S/T interface is fully activated, INFO 3 is 
transmitted by the TE and INFO 4 by the NT Figure 1 1 shows 
the binary organization and phase relationship of these signals 
from the TE's perspective. 



TE RECEIVED 
SIGNAL 
(INFO 4) 



TE 

TRANSMIHED 

SIGNAL 

(INFO 3) 



F L 
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Figure 11. Two Baud Turnaround in TE 
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THE INTERCHIP DIGITAL LINK 

The interchip digital link (IDL) is a four-wire interface used 
for full-duplex communication between ICs on the board-level. 
The interface consists of a transmit path, a receive path, an 
associated clock and a sync signal. These signals are known 
as IDLTx, IDL Rx, IDL CLK, and IDL SYNC, respectively. The 
clock determines the rate of exchange of data in both the 
transmit and receive directions, and the sync signal controls 
when this exchange is to take place. Five channels of data 
are exchanged in a 20-bit package every 8 kHz. These 
channels consist of two 64 kbps B channels and one 1 6 kbps 
D channel used for full-duplex communication between the 
NT and TE. Figure 12 shows phase alignment and order of 
transmission. 

In addition to these 2B+ D channels there are two 8 kbps 
channels. These two additional channels, known as the IDL 
A and IDL M channels, are for local communication only (i.e., 
they are not transmitted from NT to TE or vice versa). Use 
of these channels is optional. The IDL A and IDL M channels 
have no effect on the operation of the S/T transceiver. There 
are two modes of operation for an IDL device: IDL master and 
IDL slave. If an IDL device is configured as an IDL master, 
then IDL SYNC and IDL CLK are outputs from the device. 
Conversely, if an IDL device is configured as an IDL slave, 
then IDL SYNC and IDL CLK are inputs to the device. 
Ordinarily the MC1 45474/75 is configured as an IDL slave 
when acting as an NT, and as an IDL master when acting as 
a TE. The exception to this rule is the option to configure the 
NT as an IDL master. Note that an NT configured 
MC1 45474/75 comes out of reset in the IDL slave mode. 

THE SERIAL CONTROL PORT 
INTRODUCTION 

The MC1 45474/75 is equipped with a serial control port 
(SCP). This SCP is used by external devices (such as an 
MC1 45488 DDLC) to communicate with the S/T transceiver. 
The SCP is an industry standard serial control port and is 
compatible with Motorola's SPI used on several single chip 
MCUs. 

The SCP is a four-wire bus with control and status bits as 
well as data being passed to and from the S/T transceiver in 
a full-duplex fashion. The SCP interface consists of a transmit 
path, a receive path, an associated clock, and an enable 
signal. These signals are known as SCP Tx, SCP Rx, 



SCPCLK, and SCPEN. The clock determines the rate of 
exchange of data in both the transmit and receive directions, 
and the enable signal governs when this exchange is to take 
place. 

The operation/configuration of the S/T transceiver is 
programmed by setting the state of the control bits within the 
S/T transceiver. The control, status, and data information 
reside in eight 4-bit wide nibble registers and sixteen 8-bit wide 
byte registers. The nibble registers are accessed via an 8-bit 
SCP bus transaction. The 1 6 byte-wide registers are accessed 
by first writing to a pointer register within the eight 4-bit wide 
nibble registers. This pointer register (NR(7)) will then contain 
the address of the byte wide register to be read from or written 
to, on the following SCP transaction. Thus, an SCP byte 
access is In essence a 16-bit operation. Note that this 16-bit 
operation can take place by means of two 8-bit accesses or 
a single 1 6-bit access. 
SCP TRANSACTIONS 

There are four types of SCP transactions. These are: 

1. SCP nibble read 

2. SCP nibble write 

3. SCP byte read 

4. SCP byte write 
SCP Nibble Read 

A nibble read is an 8-bit SCP transaction. Figure 13 
illustrate s this process. To initiate an SCP nibble rea d the 
SCPEN pin must be brought low. Following this, a Read/Write 
(R/W) bit followed by three primary address bits (A0-A3), are 
shifted (MSB first) into an intermediate buffer register on the 
first four risi ng edge s of SCPCLK, following the hIgh-to-low 
transltiojT^of SCPEN. If a read operation is to be performed 
then R/W should be a 1. The three address bits clocked In 
after the R/W bit select which nibble register is to be read. 
The contents of this nibble register are shifted out on SCP 
Tx on the subsequent four falling edges of SCPCLK (i.e., the 
four falling edges of SCPCLK after the rising edge of 
SCPCLK which clocked In the last address bit, LSB). SCPEN 
should be brought back high after the transaction, before 
another falling edge of SCPCLK is encountered. Note that 
SCP Rx is ignored during the time that SCP Tx is being 
driven. Also note that SCP Tx comes out of high impedance 
only when it is transmitting data. 
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NOTES:_ 

1 . FVW = 1 for a read operation. 

2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 

3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 



Figure 13. Serial Control Port Nibble Read Operation 
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NOTES:_ 

1. R/W = for a write operation. 

2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 

3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 



Figure 14. Serial Control Port Nibble Write Operation 



SCP Nibble Write 

A nibble write is an 8-blt SCP transaction. Figure 14 
illustrate s this process. To initiate an SCP nibble write_the 
SCPEN pin must be brought low. Following this an R/W bit 
followed by three primary address bits are shifted (MSB first) 
into an intermediate buffer register on the first four ri sing edg es 
of SCPCLK following the high to low transition_of SCPEN. If 
a write operation is to be performed then R/W should be a 
0. The three address bits clocked in after the R/W bit select 
the nibble register to be written to. The data shifted in on the 
next four rising edges of SCPCLK is then written to the 
selected register. Throughout this whole operation the SCP 
Tx pin remains in high-impedance state. Note that if a selected 
register or bit in a selected register is "read only" then a write 
operation has no effect. 

SCP Byte Read 

A byte read is a 1 6-bit SCP transaction. Figur e 15 illust rates 
this process. To initiate an SCP byte read the SCPEN must 



be brought low. Following this an R/W bit is shifted in from 
SCP Rx on the next rising edge of SCPCLK. This bit 
determines the operation to be performed, read or write. If R/W 
is a 1 then a read operation Is selected. Conversely, if R/W 
Is a then a write operation Is selected. The next three bits 
shifted In from SCP Rx on the three subsequent rising edges 
of SCPCLK are primary address bits as mentioned previously. 
If all three bits are 1 , then nibble register 7 Is selected (NR7). 
This is a pointer register, selection of which Informs the device 
that a byte operation Is to be performed. When NR7 is 
selected, the following four bits shifted In from SCP Rx on the 
following four rising edges of SCPCLK, are automatically 
written to NR7. These four bits are the address bits for the 
byte operation. In a read operation the next eight falling edges 
of SCPCLK will shift out the data from the selected byte 
register on SCP Tx. 

As mentioned previously, an SCP byte access is a 16-bit 
transaction. This can take place In one 16-blt exchange 
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(Figure 15) or two 8-bit exchanges (Figure 16) . If the 
transaction is performed in two 8-bit exchanges the SCPEN 
should be returned high after the first eight bits have been 
shifted into the part. When SCPEN comes low again the MSB 
of the selected byte will present itself on SCR Tx. The following 
eight falling edges of SCPCLK will shift out the remaining eight 
bits of the byte register. Note that the order in which data is 
written into the part and read out of the part is independent 
of whether the byte access is done in one 1 6-bit exchange 
or in two 8-bit exchanges. 
SCR Byte Write 

A byte write is also a 16-bit SCR transaction. Figure 17 
illustrate s this process. To initiate an SCR byte write the 
SCPEN must be brought low. As before, the next bit 
determines whether the operation is to be read or write. If the 
first bit is a then a write operation Is selected. Again the next 
three bits read in from SCR Rx on the subsequent three rising 
edges of SCPCLK must all be 1 in order to select the pointer 



nibble register (NR7). The following four bits shifted in are 
automatically written into NR7. As in an SCR byte read these 
bits are the address bits for the selected byte register 
operation. The next eight rising edges of SCPCLK shift in the 
data from the SCR Rx. This data is then stored in the selected 
byte register. Throughout this operation SCR Tx will be in a 
high-impedance state. Note that if the selected byte is read 
only, then this operation will have no effect. 

As mentioned previously an SCR byte access is a 16-bit 
transaction. This can take place in one 16-bit exchange 
(Figure 17) or two 8-bit exchanges (Figure 18) . If the 
transaction is performed in two 8-bit exchanges, then SCPEN 
should be returned high after the first eight bits have been 
shifted into the part. When SCPEN comes low again, the next 
eight rising edges of SCPCLK shift data in from SCR Rx. This 
data is then stored in the selected byte. Figure 18 illustrates 
this process. 
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NOTES:_ 

1 . R/W = 1 for a read operation, 

2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 

3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 



Figure 15. Serial Control Port Byte Read Operation 
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Figure 16. Serial Control Port Byte Read Operation (Double 8-Bit Transaction) 
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NOTES:_ 

1. R/W = for a write operation. 

2. Data is shifted out on SCP Tx on the falling edges of SCPCLK, MSB first. 

3. Data is shifted into the chip from SCP Rx on the rising edges of SCPCLK, MSB first. 



Figure 17. Serial Control Port Byte Write Operation 
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Figure 18. Serial Control Port Byte Write Operation (Double 8-Bit Transaction) 
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NIBBLE MAP DEFINITION 

There are eight nibble registers (NRO through NR7) in the 
IVIC 145474/75. Control and status information reside in these 
nibble registers. These nibble registers are accessed via the 
SCP (see Tables 3 and 4 ). 



BYTE MAP DESCRIPTION 

There are sixteen byte registers (BRO through BR15) in the 
MC1 45474/75. Control, status, and maintenance information 
reside in these byte registers. These byte registers are 
accessed via the SCP (see Tables 5 and 6). 



Table 3. SCP Nibble Map for NT Operation 





(3) 


(2) 


(1) 


(0) 


NRO 


Software Reset 


Transmit Power Down 


Absolute Minimum Power 


Return to Normal 


NR1 


Activation Indication (Al) 


Error Indication (El) 




Frame Sync (FS) 


NR2 


Activation Request (AR) 


Deactivate Request (DR) 


Activation Timer #1 Expire 




NR3 


IRQ #3 Change in Rx INFO 


IRQ #2 Multlframe Reception 


IRQ #6 FECV Detection 




NR4 


IRQ #3 Enable 


IRQ #2 Enable 


IRQ #6 Enable 




NR5 


Idle B1 Channel on S/T Loop 


Idle 82 Channel on S/T Loop 


Invert 81 Channel 


Invert 82 Channel 


NR6 


2B + D IDL Non-Tranparent Loopback 


Activate IDL M FIFO 


Activate IDL A FIFO 


Exchange 81 & 82 at IDL 


Table 4. SCP Nibble Map for TE Operation 




(3) 


(2) 


(1) 


(0) 


NRO 


Software Reset 


Transmit Power Down 


Absolute Minimum Power 


Return to Normal 


NR1 


Activation Indication (Al) 


Error Indication (El) 


Multiframing Detect 


Frame Sync (FS) 


NR2 


Activation Request (AR) 




Activation Timer #3 Expire 


Class 


NR3 


IRQ #3 Change in Rx INFO 


IRQ #2 Multiframe Reception 


IRQ #1 D Channel 
Collision 




NR4 


IRQ #3 Enable 


IRQ #2 Enable 


IRQ #1 Enable 




NR5 


Enable 81 Channel on S/T Loop 


Enable 82 Channel on S/T Loop 


Invert 81 Channel 


Invert 82 Channel 


NR6 


2B+D IDL Non-Tranparent Loopback 


Activate IDL M FIFO 


Activate IDL A FIFO 


Exchange 81 & 82 at IDL 
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Table 5. SCP Byte Map for NT Operation 





(7) 


(6) 


(5) 


(4) 


(3) 


(2) 


(1) 


(0) 


BRO 


M7 


M6 


M5 


M4 


M3 


M2 


M1 


MO 


BR1 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


BR2 


SC1.1to 
Loop 


SC1.2to 
Loop 


SC1.3to 
Loop 


SC1.4to 
Loop 










BR3 


Q1 from Loop 


02 from Loop 


03 from Loop 


04 from Loop 


Bit Quality 
Indicate 


INT Every M. 
Frame 






BR4 


Fr. Viol. 
Count B7 


Fr. Viol. 
Count B6 


Fr. Viol. 
Count B5 


Fr. Viol. 
Count B4 


Fr. Viol. 
Count B3 


Fr. Viol. 
Count B2 


Fr. Viol. 
Count B1 


Fr. Viol. 
Count BO 


BR5 


BPV Count 
B7 


BPV Count 
B6 


BPV Count 
B5 


BPV Count 
B4 


BPV Count 
B3 


BPV Count 
B2 


BPV Count 
B1 


BPV Count 
BO 


BR6 


B1 SfT LB 
Transparent 


B1 SfT LB 
Non-Trans. 


B2 S/T LB 
Transparent 


B2 SfT LB 
Non-Trans. 


IDL B1 LB 
Transparent 


IDL B1 LB 
Non-Trans. 


IDL B2 LB 
Transparent 


IDLB2LB 
Non-Trans. 


BR7 


Act. Proc. 
Disabled 


Reserved 


Enable 
Multiframlng 


Invert E 
Channel 


IDL Master 
Mode 


IDL CLK 
Speed LSB 




Act. Timer 
#2 


BR8 


IDL M FIFO 
< 1/2 Full 


IDL A FIFO 
^ 1/2 Full 


Act. IDL M 
FIFO HOZ 


Act. IDL A 
FIFO HOZ 


Enable IRQ 
#4 


Enable IRQ 

#5 


IRQ #4 IDL 
A FIFO 


IRQ #5 IDL 
MFIFO 


BR9 


SC2.1 to 
Loop 


SC2.2to 
Loop 


SC2.3to 
Loop 


SC2.4to 
Loop 


SC3.1 to 
Loop 


SC3.2to 
Loop 


SC3.3to 
Loop 


SC3.4 to 
Loop 


BR10 


SC4.1 to 
Loop 


SC4.2 to 
Loop 


SC4.3 to 
Loop 


SC4.4to 
Loop 


SC5.1 to 
Loop 


SC5.2to 
Loop 


SC5.3to 
Loop 


SC5.4 to 
Loop 


BR11 


Do Not 
React to 
INF01 


Do Not 
React to 
INFO 3 


Rx INFO 
State B1 


Rx INFO 
State BO 


Tx INFO 
State B1 


Tx INFO 
State BO 


EXT S/T 
Loopback 


Tx 96 kHz 
Test Signal 


BR12 


Reserved 


Reserved 


Reserved 


Resen/ed 


Reserved 


Reserved 


Reserved 


Reserved 


BR13 


NT1 Star 
Mode 


TTL Input 
Levels 


IDL CLK 
Speed MSB 


Mute B2 on 
IDL 


Mute B1 on 
IDL 


Force E to 
Zero 






BR14 










Reserved 


Resen/ed 


Reserved 


Reserved 


BR15 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Resen/ed 
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Table 6. SCP Byte Map for TE Operation 





(7) 


(6) 


(5) 


(4) 


(3) 


(2) 


(1) 


(0) 


BRO 


M7 


M6 


M5 


M4 


M3 


M2 


Ml 


MO 


BR1 


A7 


A6 


A5 


A4 


A3 


A2 


A1 


AO 


BR2 


Q1 to Loop 


Q2 to Loop 


03 to Loop 


04 to Loop 










BR3 


SC1.1from 
Loop 


SC1.2from 
Loop 


SCI .3 from 
Loop 


SCI. 4 from 
Loop 




INT Every 
M Frame 






BR4 


Fr. Viol. 
Count B7 


Fr. Viol. 
Count B6 


Fr. Viol. 
Count B5 


Fr. Viol. 
Count B4 


Fr. Viol. 
Count B3 


Fr. Viol. 
Count B2 


Fr. Viol. 
Count B1 


Fr. Viol. 
Count BO 


BR5 


BPV Count 
B7 


BPV Count 
B6 


BPV Count 
B5 


BPV Count 
B4 


BPV Count 
B3 


BPV Count 
B2 


BPV Count 
B1 


BPV Count 
BO 


BR6 


B1 SfT LB 
Transparent 


B1 S/T LB 
Non-Trans. 


B2 S/T LB 
Transparent 


B2 S/T LB 
Non-Trans. 


IDL B1 LB 
Transparent 


IDL B1 LB 
Non-Trans. 


IDL B2 LB 
Transparent 


IDLB2LB 
Non-Trans. 


BR7 


Act. Proc. 
Ignored 


D Channel 

Proc. 

Ignored 




Map E to 
IDLonD 
Channel 


IDL Free 
Run 


IDL CLK 
Speed LSB 


LAPD Pol. 
Cont. 




BR8 


IDL M FIFO 
< 1/2 Full 


IDL A FIFO 
< 1/2 Full 


Act. IDL M 
FIFOHOZ 


Act. IDL A 
FIFO HOZ 


Enable IRQ 
#4 


Enable IRQ 
#5 


IRQ #4 IDL 
A FIFO 


IRQ #5 IDL 
MFIFO 


BR9 


SC2.1 from 
Loop 


SC2.2 from 
Loop 


SC2.3 from 
Loop 


SC2.4 from 
Loop 


SC3.1 from 
Loop 


SC3.2 from 
Loop 


SC3.3 from 
Loop 


SC3.4 from 
Loop 


BR10 


SC4.1 from 
Loop 


SC4.2 from 
Loop 


SC4.3 from 
Loop 


SC4.4 from 
Loop 


SC5.1 from 
Loop 


SC5.2 from 
Loop 


SC5.3from 
Loop 


SC5.4 from 
Loop 


BR11 






Rx INFO 
State B1 


Rx INFO 
State BO 


Tx INFO 
State B1 


Tx INFO 
State BO 


EXT S/T 
Loopback 


Tx 96 kHz 
Test Signal 


BR12 


Reserved 


Resen/ed 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR13 




TTL Input 
Levels 


IDL CLK 
Speed MSB 


Mute B2 on 
IDL 


Mute B1 on 
IDL 




Force IDL 
Transmit 




BR14 










Reserved 


Resen/ed 


Reserved 


Reserved 


BR15 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Resen/ed 


Reserved 


Reserved 



D CHANNEL OPERATION 

INTRODUCTION 

The S/T interface is designed for full duplex transmission 
of two 64 kbps B channels and one 16 kbps D channel, 
between one NT device and one or more TEs. The TEs gain 
access to the B channels by sending Layer 2 frames to the 
network over the D channel. CCITT 1.430 and ANSI T1.605 
specify a D channel access algorithm for TEs to gain access 
to the D channel. The MCI 45474/75 S/T transceiver is fully 
compliant with the D channel access algorithm as defined 
in CCITT 1.430 and ANSI T1.605. The SCP bits and pins 
directly pertaining to D channel operation are shown in Tables 
7 and 8. 

D channel data is clocked into the MCI 45474/75 via IDL 
Rx on the falling edges of IDL CLK. Data is clocked out onto 
IDL Tx on the rising edges of IDL CLK. This is in accordance 
with the IDL specification as outlined earlier. 

GAINING ACCESS TO THE D CHANNEL IN TE MODE 

The pins DREQ and DGRANT are used in the TE mode 
of operation to request and grant access to the D channel. 
An external device wishing to send a Layer 2 frame should 
bring DREQ high, and maintain it high for the duration of the 
Layer 2 frame. DGRANT is an output signal used to indicate 
to an external device that the D channel is clear. Note that 



the DGRANT signal actually goes high one received E echo 
bit prior to the programmed priority class selection. DGRANT 
goes high at a count of (n - 1) to accommodate the delay 
between the Input of D channel data via the IDL interface and 
the line transmission of those bits towards the NT. If at the 
time of the IDL SYNC pulse falling edge, the DGRANT and 
the DREQ signals are both detected high, the TE mode 

Table 7. D Channel SCP Bit Description 



MCI 45474/75 
NT Mode 


MCI 45474/75 
TE Mode 


SCP Bit 


Description 


SCP Bit 


Description 


BR7(4) 


Invert the Echo 
Channel 


NR2(0) 


Class 


BR13(2) 


Force the Echo 
Channel to '0' 


NR3(1) 


Interrupt on D Channel 
Collision 


BR13(7) 


NT1 Star Mode 


NR4(1) 


Interrupt Enable for 
NR3{1) 






BR7(1) 


LAPD Polarity Control 






BR7(4) 


Map Echo Bits to D 
Timeslotson IDLTx 






BR7(6) 


D Channel Procedures 
Ignored 
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transceiver will begin FIFO buffering of the input D channel 
bits from the IDL interface. This FIFO is four bits deep. Note 
that DGRANT goes high on the boundaries of the demodu- 
lated E bits. In order for the contention algorithm to work on 
the D channel, HDLC data must be used. The MC1 45474/75 
modulates the D channel data onto the S/T bus in the form 
that it is received from the IDL bus. Thus, the data must be 
presented to it in HDLC format. Note that one of the 
applications of the MC1 45488 DDLC is for use with the 
MCI 45474/75 in the terminal mode. The MC1 45488 will 
perform the HDLC conversion and perform the necessary D 
channel handshaking. 

Table 8. D Channel Operation Pin Description 



Pin# 


MC1 45474 


MC1 45475 


5 


DGRANT 


DGRANT 


7 


DREQ 


ANDin 


8 




ANDout 


9 




DREQ 


10 




CLASS/ECHOin 



Note that the active polarity of the DREQ and DGRANT 
signals may be reversed by setting the LARD polarity control 
bit (BR7(1 )) in the SCR When BR7(1 ) Is a the active polarity 
is as described above. Conversely when BR7(1) is a 1 the 
MC1 45474/75 will drive DGRANT to a logic when DGRANT 
is active and to a logic 1 when DGRANT Is inactive. Also, when 
BR7(1) is 1, DREQ will be considered to be active low. 
GAINING ACCESS TO THE D CHANNEL IN NT MODE 

When configured as an NT the MC1 45474/75 has automatic 
access to the D channel. This is because the S/T interface 
is designed for communication between a single NT and one 
or more TEs. As such, the NT does not have to compete for 
access to the D channel. Thus, there are no DREQ or 
DGRANT functions associated with the NT mode of operation. 
Data present in the D bit positions of the IDL frame on IDL 
Rx are modulated onto the D bit timeslots on the S/T loop. 
Demodulated D channel data from the TE/TEs is transmitted 
onto IDL Tx in accordance with the IDL specification. The 
ECHO function of an NT configured S/T transceiver is 
performed internally in the MC1 45474/75. To assist in testing 
an S/T loop the MC1 45474/75 features the SCR test bits 
BR7(4) and BR1 3(2). Setting BR7(4) in the NT mode will invert 
the E echo channel (i.e., the logical inverse of the demodulated 
D channel data from the TE/TEs is transmitted in the E 
channel). Setting BR13(2) to a 1 will force the E channel to 
all Os. Refer to Section 8 for a more detailed description of 
these test bits. Setting BR1 3(7) to a 1 puts the "NT configured" 
MC1 45474/75 SfT transceiver into the NT1 Star mode of 
operation. In this mode, the bits to be ECHOed back to the 
TE/TEs are obtained from the ECHOjn pin. 

MULTIFRAMING 

A Layer 1 signalling channel between the NT and TE is 
provided in the MC145474/75 in accordance with CCITT 1.430 
and ANSI T1.605. In the NT to TE direction, this Layer 1 
channel is the S channel. In the TE to NT direction it is the 



Q channel. The S channel is subdivided into five subchannels: 
SC1 , SC2, SC3, SC4, and SC5. The MC145474/75 is capable 
of transmitting and receiving data in all S subchannels as well 
as the Q channel by simply reading or writing to the appropriate 
SCR registers. Interrupts are also available to indicate the 
reception of multiframe information. See the MC1 45474/75 
Data Book for a complete description. 

NT1 STAR MODE OPERATION 

Appendix B of ANSI T1 .605 describes an example of an 
NT that will support multiple T interfaces. This is to 
accommodate multipoint operation with more than eight TEs. 
The MC1 45475 can be configured for NT1 Star mode of 
operation. This mode is for use in wire ORIng multiple NT 
configured S/T chips on the IDL side. Each NT has a common 
IDL SYNC, IDL CLK, IDL Tx, and IDL Rx, as shown in Figure 
19. Each NT is then connected to its own individual S/T loop 
containing either a single TE or a group of TEs. As such, the 
contention for either of the B channels or for the D channel 
is now extended from a single passive bus to a grouping of 
passive busses. 

ISDN employs the use of HDLC data on the D channel. 
Access to either of the B channels is requested and either 
granted or denied by the user sending Layer 2 frames on the 
D channel. In normal operation where there is only one NT, 
the TEs are granted access to the D channel in accordance 
with their priority and class. By counting the required number 
of E channel echo bits being 1, the TEs know when the 
D channel is clear. Thus in the NT1 Star mode of operation, 
where there are multiple passive busses competing for the 
same B1 , B2, and D channels, the same E echo channel must 
be transmitted from each NT to its passive bus. This is 
accomplished in the MC1 45475 by means of the ANDjn, 
ANDout. and ECHOjn pins. 

Figure 1 3 shows how to connect the multiple number of NTs 
in the NT1 Star mode. Successive connection of the ANDout 
(this is the output of an internal AND gate whose inputs are 
the demodulated D bits and the data on the ANDjn pin) and 
ANDjn pins, and the common connections of the ECHOjn 
pins, succeeds in sending the same E echo channel to each 
group of TE/TEs. To configure a series of NTs for NT1 Star 
mode, BR13(7) must be set to 1 in each NT. Data transmitted 
on IDL Tx in NT1 Star mode, will have the following format: 
a logic is Vss. a logic 1 causes IDL Tx to go to a 
high-impedance state. This then permits the series wire ORing 
of the IDL bus. Note that one of the NTs must have its ANDjn 
pin pulled high. 

TRANSMISSION LINE INTERFACE CIRCUITRY 

The MC1 45474/75 is an ISDN S/T transceiver fully 
compliant with CCITT 1.430 and ANSI T1.605. As such it is 
designed to Interface with a four wire transmission medium, 
one pair being the transmit path, the other pair the receive 
path. TxR and TxN, a fully differential output transmit pair from 
the MC1 45474/75, are designed to interface to the transmit 
pair of the transmission medium via auxiliary discrete 
components and a 1:1 turns ratio transformer. RxR and RxN 
are a high-impedance differential Input pair used for coupling 
the receive line signal through a 1:1 turns ratio transformer 
(see Figures 20 and 21). 
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Figure 19. NT1 Star Mode of Operation 
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Figure 20. Transmit Line Interface Circuit 
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Figure 21 . Receive Line Interface Circuit 
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Advance Information 

5 V PCM Codec-Filter 

The MC1 45480 is a general purpose per channel PCM Codec-Filter with pin 
selectable Mu-Law or A-Law companding, and is offered in 20-pin DIP and SOG 
packages. This device performs the voice digitization and reconstruction as well 
as the band limiting and smoothing required for PCM systems. This device is 
designed to operate in both synchronous and asynchronous applications and 
contains an on-chip precision reference voltage. 

This device has an input operational amplifier whose output is the input to the 
encoder section. The encoder section immediately low-pass filters the analog 
signal with an active R-C filter to eliminate very high frequency noise from being 
modulated down to the passband by the switched capacitor filter. From the active 
R-C filter, the analog signal is converted to a differential signal. From this point, 
ail analog signal processing is done differentially. This allows processing of an 
analog signal that is twice the amplitude allowed by a single-ended design, which 
reduces the significance of noise to both the inverted and non-inverted signal 
paths. Another advantage of this differential design is that noise injected via the 
power supplies is a common-mode signal that is cancelled when the inverted and 
non- inverted signals are recombined. This dramatically improves the power 
supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band- 
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing A/D converter. 

The decoder accepts PCM data and expands it using a differential D/A converter. 
The output of the D/A Is low-pass filtered at 3400 Hz and sinX/X compensated 
by a differential switched capacitor filter. The signal Is then filtered by an active 
R-C filter to eliminate the out of band energy of the switched capacitor filter. 

The MC1 45480 PCM codec-filter accepts a variety of clock formats, including 
Short Frame Sync, Long Frame Sync, IDL, and GCI timing environments. This 
device also maintains compatibility with Motorola's family of Telecommunication 
products, including the MC14LC5472 U-lnterface Transceiver, MC1 45474/75 S/T 
Interface Transceiver, MC1 45532 ADPCM Transcoder, MC1 45422/26 UDLT-1. 
MC145421/25 UDLT-2, and MC3419/MC33120 SLIC. 

The MC1 45480 PCM codec-filter utilizes CMOS due to its reliable low-power 
performance and proven capability for complex analog/digital VLSI functions. 

• Single 5 V Power Supply 

• Typical Power Dissipation of 23 mW, Power Down of 0.01 mW 

• Fully Differential Analog Circuit Design for Lowest Noise 

• Transmit Band-Pass and Receive Low-Pass Filters on Chip 

• Active R-C Pre-FIItering and Post-Filtering 

• Mu-Law and A-Law Companding by Pin Selection 

• On-Chip Precision Reference Voltage (1 .575 V) 

• Push-Pull 300 Q Power Drivers with External Gain Adjust 

• MC145536EVK is the evaluation kit that also includes the MC1 45532 ADPCM 

Transcoder 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Figure 1. MC1 45480 PCM Codec-Filter Block Diagram 



DEVICE DESCRIPTION 

A PCM codec-filter is used for digitizing and reconstructing 
the human voice. These devices are used primarily for the 
telephone network to facilitate voice switching and transmis- 
sion. Once the voice is digitized, it may be switched by digital 
switching methods or transmitted long distance (T1 , micro- 
wave, satellites, etc.) without degradation. The name codec 
is an acronym from "COder" forthe analog-to-digital converter 
(ADC) used to digitize voice, and "DECoder" for the 
digital-to-analog converter (DAC) used for reconstructing 
voice. A codec is a single device that does both the ADC and 
DAC conversions. 

To digitize intelligible voice requires a signal-to-distortion 
ratio of about 30 dB over a dynamic range of about 40 dB. 
This may be accomplished with a linear 1 3-bit ADC and DAC, 
but will far exceed the required signal-to-distortion ratio at 
larger amplitudes than 40 dB below the peak amplitude. This 
excess performance is at the expense of data per sample. 
Two methods of data reduction are implemented by 
compressing the 1 3-bit linear scheme to companded pseudo- 
logarithmic 8-bit schemes. The two companding schemes are: 
Mu-255 Law, primarily in North America and Japan, and 
A-Law, primarily used in Europe. These companding schemes 
are accepted world wide. These companding schemes follow 
a segmented or "piecewise-linear" curve formatted as sign 
bit, three chord bits, and four step bits. For a given chord, all 
sixteen of the steps have the same voltage weighting. As the 
voltage of the analog input increases, the four step bits 
increment and carry to the three chord bits which Increment. 



When the chord bits increment, the step bits double their 
voltage weighting. This results in an effective resolution of six 
bits (sign + chord + four step bits) across a 42 dB dynamic 
range (seven chords above 0, by 6 dB per chord). 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated from the 
signal by a highpass filter before the analog-to-digital 
converter. 

The digital-to-analog conversion process reconstructs a 
staircase version of the desired inband signal, which has 
spectral images of the inband signal modulated about the 
sample frequency and its harmonics. These spectral images 
are called aliasing components, which need to be attenuated 
to obtain the desired signal. The low-pass filter used to 
attenuate these aliasing components is typically called a 
reconstruction or smoothing filter. 

The MC1 45480 PCM codec-filter has the codec, both 
presampling and reconstruction filters, a precision voltage 
refer- ence on chip, and requires no external components. 
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PIN DESCRIPTION 



power supply 
Vdd 

Positive Power Supply (Pin 6) 

This is the most positive power supply and is typically 
connected to +5 V. This pin should be decoupled to Vss with 
a 0.1 [iF ceramic capacitor. 

Vss 

Negative Power Supply (Pin 15) 

This is the most negative power supply and is typically 
connected to V. 

vag 

Analog Ground Output (Pin 20) 

This output pin provides a mid-supply analog ground 
regulated to 2.4 V. This pin should be decoupled to Vss with 
a 0.01 M-F to 0.1 |iF ceramic capacitor. All analog signal 
processing within this device is referenced to this pin. If the 
audio signals to be processed are referenced to Vss. then 
special precautions must be utilized to avoid noise between 
Vss ^^^ the Vag P'i^- Reter to the applications information in 
this document for more information. The Vag P'i^ becomes 
high impedance when this device is in the powered down 
mode. 

CONTROL 

Mu/A 

Mu/A Law Select (Pin 16) 

This pin controls the compression for the encoder and the 
expansion for the decoder. Mu-Law companding is selected 
when this pin is connected to Vqd and A-Law companding 
is selected when this pin is connected to Vss- 

PDT 

Power Down Input (Pin 10) 

This pin puts the device into a low power dissipation mode 
when a logic is applied. When this device is powered down, 
all of the clocks are gated off and all bias currents are turned 
off, which causes R0+, RO-, P0-, P0+, TG, Vag. and DT 
to become high impedance. The device will operate normally 
when a logic 1 is applied to this pin. The device goes through 
a power-up sequence when this pin is taken to a logic 1 state, 
which prevents the DT PCM output from going low 
impedance for at least two FST cycles. The filters must settle 
out before the DT PCM output or the RO+ or RO- receive 
analog outputs will represent a valid analog signal. 

ANALOG INTERFACE 

TI+ 

Transmit Analog Input (Non-Inverting) (Pin 19) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a 
differential to single ended circuit for the input gain setting 
op amp. This allows input signals that are referenced to the 
Vss pin to be level shifted to the Vag P'n with minimum noise. 
This pin may be connected to the Vag P'n for an inverting 
amplifier configuration if the input signal is already 
referenced to the Vag P'n. The common mode range of the 
TI+ and Tl- pins is from 1.2 V, to Vdd niinus 2 V. This is 
an FET gate input. Connecting both TI+ and Tl- pins to Vqd 
will place this amplifier's output (TG) into a high-Impedance 
state, thus allowing the TG pin to serve as a high-impedance 



input to the transmit filter. 

Tl- 

Transmit Analog Input (Inverting) (Pin 18) 

This Is the inverting input of the transmit gain setting 
operational amplifier. Gain setting resistors are usually 
connected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI+ and Tl- 
pins is from 1 .2 V to VpD -2 V. This is an FET gate input. 
Connecting both TI+ and Tl- pins to Vdd will place this 
amplifier's output (TG) into a high-impedance state, thus 
allowing the TG pin to serve as a high-impedance input to the 
transmit filter. 

TG 

Transmit Gain (Pin 17) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kQ load. Connecting both 
TI+ and Tl- pins to Vdd will place this amplifier's output (TG) 
into a high-impedance state, thus allowing the TG pin to serve 
as a high-impedance input to the transmit filter. All signals at 
this pin are referenced to the Vag Pin. This pin is high impe- 
dance when the device is in the powered down mode. 

R0+ 

Receive Analog Output (Non-Inverting) (Pin 1) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kQ load to 1 .575 V peak referenced 
to the Vag P'n. This pin is high impedance when the device 
is in the powered down mode. 

RO- 

Receive Analog Output (Inverting) (Pin 2) 

This is the inverting output of the receive smoothing filter 
from the digital-to-analog converter. This output is capable of 
driving a 2 ki2 load to 1 .575 V peak referenced to the Vag 
pin. This pin is high impedance when the device is in the 
powered down mode. 

PI 

Power Amplifier Input (Pin 3) 

This is the inverting input to the PC- amplifier. The 
non-inverting input to the PC- amplifier is internally tied to 
the Vag P'n- The PI and PC- pins are used with external 
resistors in an inverting op amp gain circuit to set the gain 
of the PO+ and PC- push-pull power amplifier outputs. 
Connecting PI to Vdd will power down the power driver 
amplifiers and the P0+ and PC- outputs will be high 
impedance. 

PO- 

Power Amplifier Output (Inverting) (Pin 4) 

This is the inverting power amplifier output, which is used 
to provide a feedback signal to the PI pin to set the gain of 
the push-pull power amplifier outputs. This pin is capable of 
driving a 300 Q load to P0+. The PO+ and PC- outputs are 
differential (push-pull) and capable of driving a 300 Q. load to 
3.15 V peak, which is 6.3 V peak-to-peak. The bias voltage 
and signal reference of this output is the Vag P'n. The Vag 
pin cannot source or sink as much current as this pin, and 
therefore low impedance loads must be between P0+ and 
PC- Connecting PI to Vdd will power down the power driver 
amplifiers and the P0+ and PC- outputs will be high 
impedance. This pin is also high impedance when the device 
is powered down by the PDI pin. 
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P0+ 

Power Amplifier Output (Non-Inverting) (Pin 5) 

This is the non-inverting power amplifier output, which is 
an inverted version of the signal at P0-. This pin is capable 
of driving a 300 Q load to P0-. Connecting PI to Vqd will 
power down the power driver amplifiers and the PO+ and 
PO- outputs will be high impedance. This pin is also high 
impedance when the device is powered down by the PDI 
pin. See PI and PO- for more information. 

DIGITAL INTERFACE 

MCLK 

Master Clock (Pin 11) 

This is the master clock input pin. The clock signal applied 
to this pin is used to generate the internal 256 kHz clock and 
sequencing signals for the switched-capacitor filters, ADC, 
and DAC. The internal prescaler logic compares the clock on 
this pin to the clock at FST (8 kHz) and will automatically accept 
256, 512, 1536, 1544, 2048, 2560, or 4096 kHz. For MCLK 
frequencies of 256 and 51 2 kHz, MCLK must be synchronous 
and approximately rising edge aligned to FST. For optimum 
performance at frequencies of 1 .536 MHz and higher, MCLK 
should be synchronous and approximately rising edge aligned 
to the rising edge of FST. In many applications, MCLK may 
be tied to the BCLKT pin. 

FST 

Frame Sync, Transmit (Pin 14) 

This pin accepts an 8 kHz clock that synchronizes the output 
of the serial PCM data at the DT pin. This input is compatible 
with various standards including IDL, Long Frame Sync, Short 
Frame Sync, and GCI formats. If both FST and FSR are held 
low for several 8 kHz frames, the device will power down. 

BCLKT 

Bit Clock, Transmit (Pin 12) 

This pin controls the transfer rate of transmit PCM data. 
In the IDL and GCI modes it also controls the transfer rate 
of the receive PCM data. This pin can accept any bit clock 
frequency from 64 to 4096 kHz for Long Frame Sync and 
Short Frame Sync timing. This pin can accept clock 
frequencies from 256 kHz to 4.096 MHz in IDL mode, and 
from 512 kHz to 6.176 MHz for GCI timing mode. 

DT 

Data, Transmit (Pin 13) 

This pin is controlled by FST and BCLKT and is high 
impedance except when outputting PCM data. When 
operating in the IDL or GCI mode, data is output in either the 

81 or 82 channel as selected by FSR. This pin is high 
impedance when the device is in the powered down mode. 

FSR 

Frame Sync, Receive (Pin 7) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock, which synchronizes 
the input of the serial PCM data at the DR pin. FSR can be 
asynchronous to FST In the Long Frame Sync or Short Frame 
Sync modes. When an ISDN mode (IDL or GCI) has been 
selected with 8CLKR, this pin selects either 81 (logic 0) or 

82 (logic 1 ) as the active data channel. 

BCLKR 

Bit Clock, Receive (Pin 9) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 4096 
kHz. When this pin is held at a logic 1 , FST, 8CLKT, DT, and 



DR become IDL Interface compatible. When this pin is held 
at a logic 0, FST, 8CLKT, DT, and DR become GCI Interface 
compatible. 

DR 

Data, Receive (Pin 8) 

This pin is the PCM data input, and when in a Long Frame 
Sync or Short Frame Sync mode is controlled by FSR and 
BCLKR. When in the IDL or GCI mode, this data transfer is 
controlled by FST and BCLKT. FSR and BCLKR select the 
B channel and ISDN mode, respectively. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 

The transmit portion of this device includes a low-noise, 
three-terminal op amp capable of driving a 2 kfl load. This 
op amp has inputs of TI+ (Pin 19) and Tl- (Pin 18) and its 
output is TG (Pin 1 7). This op amp is intended to be configured 
in an inverting gain circuit. The analog signal may be applied 
directly to the TG pin if this transmit op amp is independently 
powered down by connecting the TI+ and Tl- inputs to the 
Vdd power supply. The TG pin becomes high impedance 
when the transmit op amp is powered down. The TG pin is 
internally connected to a 3-pole anti-aliasing pre-filter. This 
pre-filter incorporates a 2-pole Butten/vorth active low-pass 
filter, followed by a single passive pole. This pre-filter is 
followed by a single-ended to differential converter that is 
clocked at 512 kHz. All subsequent analog processing utilizes 
fully differential circuitry. The next section is a fully-differential, 
5-pole switched-capacitor low-pass filter with a 3.4 kHz 
frequency cutoff. After this filter is a 3-pole switched-capacitor 
high-pass filter having a cutoff frequency of about 200 Hz. This 
highpass stage has a transmission zero at dc that eliminates 
any dc coming from the analog input or from accumulated op 
amp offsets in the preceding filter stages. The last stage of 
the highpass filter is an autozeroed sample and hold amplifier. 

One bandgap voltage reference generator and digital-to- 
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band- 
gap reference generates precise positive and negative 
reference voltages that are virtually independent of tempera- 
ture and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and a frame-by-frame autozeroed 
comparator to implement a successive-approximation con- 
version algorithm. All of the analog circuitry involved in the 
data conversion (the voltage reference, RDAC, CDAC, and 
comparator) are implemented with a differential architecture. 

The receive section includes the DAC described above, a 
sample and hold amplifier, a 5-pole, 3400 Hz switched 
capacitor low-pass filter with sinX/X correction, and a 2-pole 
active smoothing filter to reduce the spectral components of 
the switched capacitor filter. The output of the smoothing filter 
Is buffered by an amplifier, which is output at the RO+ and 
RO- pins. These outputs are capable of driving a 4 k^ load 
differentially or a 2 kQ load to the Vag P'"- The MCI 45480 
also has a pair of power amplifiers that are connected in a 
push-pull configuration. The PI pin is the inverting input to the 
PO- power amplifier. The non-inverting input is internally tied 
to the Vag P'"- This allows this amplifier to be used in an 
inverting gain circuit with two external resistors. The P0+ 
amplif ier has a gain of minus one, and is internally connected 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MCI 45480 
2-825 



to the PO- output. This complete power amplifier circuit is 
a differential (push-pull) amplifier with adjustable gain that is 
capable of driving a 300 Q load to +12 dBm. The power 
amplifier may be powered down independently of the rest of 
the chip by connecting the PI pin to Vdd- 
POWER DOWN 

There are two methods of putting this device into a low 
power consumption mode, which makes t he device 
nonfunctional and consumes virtually no power. PDI is the 
power down input pin which, when taken low, powers down 
the device. Another way to power the device down is to hold 
both the FST and FSR pins low. When the chip is powered 
down, the Vaq. TG, RO+, RO-, PO+, PO-, and DT outputs 
are high impedance. To return the chip to the power up state, 
PDI must be high and either the FST or the FSR frame sync 
pulse must be present. The DT output will remain in a 
high-impedance state for at least two FST pulses after power 
up. 
MASTER CLOCK 

Since this codec-filter design has a single DAC architecture, 
the MCLK pin is used as the master clock for all analog signal 
processing including analog-to-digital conversion, digital-to- 
analog conversion, and for transmit and receive filtering 
functions of this device. The clock frequency applied to the 
MCLK pin may be 256 kHz, 51 2 kHz, 1 .536 MHz, 1 .544 MHz, 
2.048 MHz, 2.56 MHz, or 4.096 MHz. This device has a 
prescalerthat automatically determines the proper divide ratio 
to use for the MCLK input, which achieves the required 256 
kHz internal sequencing clock. The clocking requirements of 
the MCLK Input are independent of the PCM data transfer 
mode (i.e., Long-Frame Sync, Short-Frame Sync, IDL mode 
or GCI mode). 
DIGITAL I/O 

The MCI 45480 is pin selectable for Mu-Law or A-Law. Table 
1 shows the 8-bit data word format for positive and negative 
zero and full scale for both companding schemes (see Tables 
3 and 4 at the end of this document for a complete PCM word 
conversion table). Table 2 shows the series of eight PCM 
words for both Mu-Law and A-Law that correspond to a digital 
milliwatt. The digital mW is the 1 kHz calibration signal 
reconstructed by the DAC that defines the absolute gain or 
dBmO Transmission Level Point (TLP) of the DAC. The 
dBmO level for Mu-Law is 3.1 7 dB below the maximum level 
for an undipped tone signal. The dBmO level for A-Law Is 



3. 1 4 dB below the maximum level for an undipped tone signal. 
The timing for the PCM data transfer is independent of the 
companding scheme selected. Refer to Figure 2 for a 
summary and comparison of the four PCM data interface 
modes of this device. 
Long Frame Sync 

Long Frame Sync is the industry name for one type of 
clocking format that controls the transfer of the PCM data 
words. (Refer to Figure 2a) The "Frame Sync" or "Enable" 
is used for two specific synchronizing functions. The first is 
to synchronize the PCM data word transfer, and the second 
is to control the internal analog-to-digital and digital-to-analog 
conversions. The term "Sync" refers to the function of 
synchronizing the PCM data word onto or off of the multiplexed 
serial PCM data bus, which Is also known as a PCM highway. 
The term "Long" comes from the duration of the frame sync 
measured in PCM data clock cycles. Long Frame Sync timing 
occurs when the frame sync is used directly as the PCM data 
output driver enable. This results in the PCM output going low 
impedance with the rising edge of the transmit frame sync, 
and remaining low impedance for the duration of the transmit 
frame sync. 

The implementation of Long Frame Sync has maintained 
compatibility and been optimized for external clocking 
simplicity. This optimization includes the PCM data output 
going low Impedance with the logical AND of the transmit 
frame sync (FST) with the transmit data bit clock (BCLKT). 
The optimization also includes the PCM data output (DT) 
remaining low impedance until the middle of the LSB (seven 
and a half PCM data clock cycles) or until the FST pin is taken 
low, whichever occurs last. This requires the frame sync to 
be approximately rising edge aligned with the initiation of the 
PCM data word transfer, but the frame sync does not have 
a precise timing requirement for the end of the PCM data word 
transfer. The device recognizes Long Frame Sync clocking 
when the frame sync is held high for two consecutive falling 
edges of the transmit data clock. The transmit logic decides 
on each frame sync whether it should interpret the next frame 
sync pulse as a Long or a Short Frame Sync. This decision 
is used for receive circuitry also. The device is designed to 
prevent PCM bus contention by not allowing the PCM data 
output to go low impedance for at least two frame sync cycles 
after power is applied or when coming out of the powered down 
mode. 



Table 1 . PCM Codes for Zero and Full Scale 



Level 


Mu-Law 


A-Law 


Sign Bit 


Chord Bits 


step Bits 


Sign Bit 


Chord Bits 


step Bits 


+ Full Scale 


1 


000 


0000 


1 


010 


1010 


+ Zero 


1 


1 1 1 


1111 


1 


1 01 


01 01 


-Zero 





1 1 1 


1111 





1 01 


0101 


- Full Scale 





000 


0000 





010 


1010 
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Table 2. PCM Codes for Digital mW 



Phase 


Mu-Law 


A-Law 


Sign Bit 


Chord Bits 


step Bits 


Sign Bit 


Chord Bits 


step Bits 


71/8 





001 


1110 





01 1 


01 00 


37C/8 





000 


1011 





010 


0001 


57t/8 





000 


1 01 1 





01 


0001 


771/8 





001 


1110 





01 1 


0100 


971/8 


1 


001 


1110 


1 


01 1 


0100 


117C/8 


1 


000 


1 01 1 


1 


010 


0001 


137C/8 


1 


000 


1011 


1 


010 


0001 


1571/8 


1 


001 


1110 


1 


01 1 


01 00 



The receive side of the device Is designed to accept the 
same frame sync and data c!ocl< as the transmit side and to 
be able to latch Its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one type 
of frame sync for use by both transmit and receive sections 
of the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the 8-blt serial word 
into the receive data Input on the falling edges of the receive 
data clock. The Internal receive logic counts the receive data 
clock cycles and transfers the PCM data word to the 
digltal-to-analog converter sequencer on the ninth data clock 
rising edge. 

This device is compatible with four digital Interface modes. 
To ensure that this device does not reprogram Itself for a 
different timing mode, the BCLKR pin must change logic state 
no less than every 125 |is. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 
Short Frame Sync 

Short Frame Sync is the Industry name for the type of 
clocking format that controls the transfer of the PCM data 
words (refer to Figure 2b). The "Frame Sync" or "Enable" 
Is used for two specific synchronizing functions. The first is 
to synchronize the PCM data word transfer, and the second 
Is to control the internal analog-to-digital and digital- 
to-analog conversions. The term "Sync" refers to the function 
of synchronizing the PCM data word onto or off of the 
multiplexed serial PCM data bus, which Is also known as 
a PCM highway. The term "Short" comes from the duration 
of the frame sync measured in PCM data clock cycles. Short 
Frame Sync timing occurs when the frame sync Is used as 
a "pre-synchronlzation" pulse that is used to tell the internal 
logic to clock out the PCM data word under complete control 
of the data clock. The Short Frame Sync Is held high for 
one falling data clock edge. The device outputs the PCM 
data word beginning with the following rising edge of the data 
clock. This results In the PCM output going low impedance 
with the rising edge of the transmit data clock, and remaining 
low Impedance until the middle of the LSB (seven and a half 
PCM data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync Is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether It should interpret the next frame sync 
pulse as a Long or a Short Frame Sync. This decision is used 



for receive circuitry also. The device is designed to prevent 
PCM bus contention by not allowing the PCM data output to 
go low impedance for at least two frame sync cycles after 
power is applied or when coming out of the powered down 
mode. 

The receive side of the device Is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch needs to be able to generate only one type 
of frame sync for use by both transmit and receive sections 
of the device. 

The falling edge of the receive data clock latching a high 
logic level at the receive frame sync input tells the device to 
start latching the 8-blt serial word Into the receive data Input 
on the following eight falling edges of the receive data clock. 
The Internal receive logic counts the receive data clock cycles 
and transfers the PCM data word to the digltal-to-analog 
converter sequencer on the rising data clock edge after the 
LSB has been latched Into the device. 

This device Is compatible with four digital interface modes. 
To ensure that this device does not reprogram Itself for a 
different timing mode, the BCLKR pin must change logic state 
no less than every 125 \xs. The minimum PCM data bit clock 
frequency of 64 kHz satisfies this requirement. 
Interchip Digital Link (IDL) 

The Interchip Digital Link (IDL) Interface Is one of two 
standard synchronous 2B+D ISDN timing Interface modes 
with which this device Is compatible. In the IDL mode, the 
device can communicate in either of the two 64 kbps 
B channels (refer to Figure 2c for sample timing). The IDL 
mode is selected when the BCLKR pin Is held high for two 
or more FST (IDL SYNC) rising edges. The digital pins that 
control the transmit and receive PCM word transfers are 
reprogrammed to accommodate this mode. The pins affected 
are FST, FSR, BCLKT, DT and DR. The IDL Interface consists 
of four pins: IDL SYNC (FST), IDL CLK (BCLKT), IDLTX(DT), 
and IDL RX (DR). The IDL Interface mode provides access 
to both the transmit and receive PCM data words with common 
control clocks of IDL Sync and IDL Clock. In this mode, the 
FSR pin controls whether the B1 channel or the B2 channel 
is used for both transmit and receive PCM data word transfers. 
When the FSR pin Is low, the transmit and receive PCM words 
are transfered In the B1 channel, and for FSR high the B2 
channel Is selected. The start of the B2 channel Is ten IDL 
CLK cycles after the start of the B1 channel. 
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Figure 2a. Long Frame Sync (Transmit and Receive have individual clocking) 
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Figure 2b. Short Frame Sync (Transmit and Receive have individual clocking) 
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Figure 2c. IDL Interface — BCLKR = 1 (Transmit and Receive have common clocking) 
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Figure 2d. GCI Interface — BCLKR = (Transmit and Receive have common clocking) 

Figure 2. Digital Timing l\/lodes for the PCM Data Interface 
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The IDL SYNC (FST, Pin 14) is the input for the IDL frame 
synchronization signal. The signal at this pin is nominally high 
for one cycle of the IDL Clock signal and is rising edge aligned 
with the IDL Clock signal. (Refer to Figure 4 and the IDLTiming 
specifications for more details.) This event identifies the 
beginning of the IDL frame. The frequency of the IDL Sync 
signal is 8 kHz. The rising edge of the IDL SYNC (FST) should 
be aligned approximately with the rising edge of MCLK. MCLK 
must be one of the clock frequencies specified in the Digital 
Switching Characteristics table, and is typically tied to IDL CLK 
(BCLKT). 

The IDL CLK (BCLKT, Pin 12) is the input for the PCM data 
clock. All IDL PCM transfers and data control sequencing are 
controlled by this clock following the IDL SYNC. This pin 
accepts an IDL data clock frequency of 256 kHz to 4.096 MHz. 

The IDL TX (DT, Pin 13) is the output for the transmit PCM 
data word. Data bits are output for the 81 channel on 
sequential rising edges of the IDL CLK signal beginning after 
the IDL SYNC pulse. If the 82 channel is selected, then the 
PCM word transfer starts on the eleventh IDL CLK rising edge 
after the IDL SYNC pulse. The IDL TX pin will remain low 
impedance for the duration of the PCM word until the LS8 after 
the falling edge of IDL CLK. The IDL TX pin will remain in a 
high impedance state when not outputting PCM data or when 
a valid IDL Sync signal is missing. 

The IDL RX (DR, Pin 8) is the input for the receive PCM 
data word. Data bits are input for the 81 channel on sequential 
falling edges of the IDL CLK signal beginning after the IDL 
SYNC pulse. If the 82 channel is selected, then the PCM word 
is latched in starting on the eleventh IDL CLK falling edge after 
the IDL SYNC pulse. 
General Circuit interface (GCi) 

The General Circuit Interface (GCI) is the second of two 
standard synchronous 28+ D ISDN timing interface modes 
with which this device is compatible. In the GCI mode, the 
device can communicate in either of the two 64 kbps 
8-channels. (Refer to Figure 2d for sample timing.) The GCI 
mode is selected when the 8CLKR pin is held low for two 
or more FST (FSC) rising edges. The digital pins that control 
the transmit and receive PCM word transfers are repro- 
grammed to accommodate this mode. The pins affected are 
FST, FSR, BCLKT, DT and DR. The GCI Interface consists 
of four pins: FSC (FST), DCL (BCLKT), Dout (DT), and Djn 
(DR). The GCI interface mode provides access to both the 
transmit and receive PCM data words with common control 
clocks of FSC (frame synchronization clock) and DCL (data 
clock). In this mode, the FSR pin controls whether the 81 
channel or the 82 channel is used for both transmit and 
receive PCM data word transfers. When the FSR pin is low, 
the transmit and receive PCM words are transfered in the 
81 channel, and for FSR high the 82 channel is selected. 
The start of the 82 channel Is 16 DCL cycles after the start 
of the 81 channel. 

The FSC (FST, Pin 14) is the input for the GCI frame 
synchronization signal. The signal atthis pin is nominally rising 
edge aligned with the DCL clock signal. (Refer to Figure 6 
and the GCI Timing specifications for more details.) This event 
identifies the beginning of the GCI frame. The frequency of 
the FSC synchronization signal is 8 kHz. The rising edge of 
the FSC (FST) should be aligned approximately with the rising 
edge of MCLK. MCLK must be one of the clock frequencies 



specified in the Digital Switching Characteristics table, and 
is typically tied to DCL (BCLKT). 

The DCL (BCLKT, Pin 12) Is the input for the clock that 
controls the PCM data transfers. The clock applied at the DCL 
input is twice the actual PCM data rate. The GCI frame begins 
with the logical AND of the FSC with the DCL. This event 
initiates the PCM data word transfers for both transmit and 
receive. This pin accepts a GCI data clock frequency of 
512 kHz to 6.1 76 MHz for PCM data rates of 256 kHz to 3.088 
MHz. 

The GCI Dout (DT, Pin 13) is the output for the transmit 
PCM data word. Data bits are output for the 81 channel on 
alternate rising edges of the DCL clock signal, beginning with 
the FSC pulse. If the 82 channel is selected, then the PCM 
word transfer starts on the seventeenth DCL rising edge after 
the FSC rising edge. The Dout P'" will remain low impedance 
for 15-1/2 DCL clock cycles. The Dout P'" becomes high 
impedance after the second falling edge of the DCL clock 
during the LSB of the PCM word. The Dout P'f^ will remain 
in a high-impedance state when not outputting PCM data 
or when a valid FSC signal is missing. 

The Djn (DR, Pin 8) is the input for the receive PCM data 
word. Data bits are latched in for the 81 channel on alternate 
rising edges of the DCL clock signal, beginning with the 
second DCL clock after the rising edge of the FSC pulse. If 
the 82 channel is selected then the PCM word is latched in 
starting on the eighteenth DCL rising edge after the FSC rising 
edge. 

PRINTED CIRCUIT BOARD LAYOUT 
CONSIDERATIONS 

The MCI 45480 is manufactured using high-speed CMOS 
VLSI technology to implement the complex analog signal 
processing functions of a PCM codec-filter. The fully 
differential analog circuit design techniques used for this 
device result in superior performance for the switched 
capacitor filters, the analog-to-digital converter (ADC) and the 
digital-to-analog converter (DAC). Special attention was given 
to the design of this device to reduce the sensitivities of noise, 
including power supply rejection and susceptibility to radio 
frequency noise. This special attention to design includes a 
fifth order low-pass filter, followed by a third order high-pass 
filter whose output Is converted to a digital signal with greater 
than 75 dB of dynamic range, all operating on a single 5 V 
power supply. This results in a Mu-Law LSB size for small 
audio signals of about 386 ^.V. The typical idle channel noise 
level of this device is less than one LSB. In addition to the 
dynamic range of the codec/filter function of this device, the 
input gain-setting op amp has the capability of greater than 
35 dB of gain intended for an electret microphone interface. 

This device was designed for ease of implementation, but 
due to the large dynamic range and the noisy nature of the 
environment for this device (digital switches, radio telephones, 
DSP front-end, etc.) special care must be taken to assure 
optimum analog transmission performance. 

PC BOARD MOUNTING 

It is recommended that the device be soldered to the PC 
board for optimum noise performance. If the device is to be 
used in a socket, it should be placed in a low parasitic pin 
inductance (generally, low-profile) socket. 
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Power Supply, Ground, and Noise 
Considerations 

This device is intended to be used in switching applications 
which often require plugging the PC board into a rack with 
power applied. This is known as "hot-rack insertion." In these 
applications care should be taken to linnit the voltage on any 
pin from going positive of the Vdd P'ns, or negative of the 
Vss pins. One method is to extend the ground and power 
contacts of the PCB connector. The device has input 
protection on all pins and may source or sink a limited 
amount of current without damage. Current limiting may be 
accomplished by series resistors between the signal pins and 
the connector contacts. 

The most important considerations for PCB layout deal with 
noise. This includes noise on the power supply, noise 
generated by the digital circuitry on the device, and cross 
coupling digital or radio frequency signals into the audio 
signals of this device. The best way to prevent noise is to: 

1 . Keep digital signals as far away from audio signals as 
possible. 

2. Keep radio frequency signals as far away from the 
audio signals as possible. 

3. Use short, low inductance traces for the audio circuitry 
to reduce inductive, capacitive, and radio frequency 
noise sensitivities. 

4. Use short, low inductance traces for digital and RF 
circuitry to reduce inductive, capacitive, and radio 
frequency radiated noise. 

5. Bypass capacitors should be connected from the Vdd 
and Vag P'^s to Vss with minimal trace length. Ceramic 
monolithic capacitors of about 0.1 ^iF are acceptable 
to decouple the device from its own noise. The Vdd 
capacitor helps supply the instantaneous currents of 
the digital circuitry in addition to decoupling the noise 
which may be generated by other sections of the 
device or other circuitry on the power supply. The Vag 
decoupling capacitor helps to reduce the impedance 
of the Vag pin to Vss ^t frequencies above the band- 
width of the Vag generator, which reduces the 
susceptibility to RF noise. 

6. Use a short, wide, low inductance trace to connect the 
Vss ground pin to the power supply ground. The Vss 
pin is the digital ground and the most negative power 
supply pin for the analog circuitry. All analog signal 
processing is referenced to the Vag Pi"' ^^^ because 
digital and RF circuitry will probably be powered by 
this same ground, care must be taken to minimize high 
frequency noise in the Vss trace. Depending on the 
application, a double sided PCB with a Vss ground 
plane connecting all of the digital and analog Vss Pins 
together would be a good grounding method. A multi- 
layer PC board with a ground plane connecting all of 
the digital and analog Vss Pins together would be the 
optimal ground configuration. These methods will re- 
sult in the lowest resistance and the lowest inductance 
in the ground circuit. This is important to reduce voltage 
spikes in the ground circuit resulting from the high 
speed digital current spikes. The magnitude of digitally 
induced voltage spikes may be hundreds of times 
larger than the analog signal the device is required to 
digitize. 



7. Use a short, wide, low inductance trace to connect the 
Vdd power supply pin to the 5 V power supply. De- 
pending on the application, a double sided PCB with 
Vdd bypass capacitors to the VSS ground plane, as 
described above, may complete the low impedance 
coupling for the power supply. For a multilayer PC 
board with a power plane, connecting all of the Vdd 
pins to the power plane would be the optimal power 
distribution method. The integrated circuit layout and 
packaging considerations for the 5 V Vdd power circuit 
are essen- tially the same as for the Vss ground circuit. 

8. The Vag pin is the reference for all analog signal 
processing. In some applications the audio signal to 
be digitized may be referenced to the Vss ground. To 
reduce the susceptibility to noise at the input of the 
ADC section, the three terminal op amp may be used 
in a differential to single ended circuit to provide level 
conversion from the Vss ground to the Vag ground with 
noise cancellation. The op amp may be used for more 
than 35 dB of gain in microphone interface circuits, 
which will require a compact layout with minimum trace 
lengths as well as isolation from noise sources. It is 
recommended that the layout be as symmetrical as 
possible to avoid any imbalances which would reduce 
the noise cancelling benefits of this differential op amp 
circuit. Refer to the application schematics for exam- 
ples of this circuitry. 

If possible, reference audio signals to the Vag Pin 
instead of to the Vss Pin- Handset receivers and tele- 
phone line interface circuits using transformers may 
be audio signal referenced completely to the Vag pin. 
Refer to the application schematics for examples of 
this circuitry. The Vag P'n cannot be used for ESD or 
line protection. 

9. For applications using multiple MC1 45480 PCM co- 
dec-filters, the Vag pins cannot be tied together. The 
Vag pins are capable of sourcing and sinking current 
and will each be driving the node, which will result in 
large contention currents, crosstalk susceptibilities, 
and increased noise. 

1 0. The MCI 45480 is fabricated with advanced high speed 
CMOS technology that is capable of responding to 
noise pulses on the clock pins of 1 ns or less. It should 
be noted that noise pulses of such short duration may 
not be seen with oscilloscopes that have less band- 
width than 600 MHz. The most often encountered 
sources of clock noise spikes are inductive or capaci- 
tive coupling of high-speed logic signals, and ground 
bounce. The best solution for addressing clock spikes 
from coupling is to separate the traces and use short 
low inductance PC board traces. To address ground 
bounce problems, all integrated circuits should have 
high frequency bypass capacitors directly across their 
power supply pins, with low inductance traces for 
ground and power supply A less than optimum solution 
may be to limit the bandwidth of the trace by adding 
series resistance and/or capacitance at the input pin. 



I\/IC1 45480 
2-830 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MAXIMUM RATINGS (Voltages Referenced to Vss Pin) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


- 0.5 to 6 


V 


Voltage on any Analog Input or Output Pin 




Vss -0.3 to Vdd + 0.3 


V 


Voltage on any Digital Input or Output Pin 




Vss -0.3 to Vdd + 0.3 


V 


Operating Temperature Range 


Ta 


-40 to + 85 


°c 


Storage Temperature Range 


Tstg 


-85 to +150 


°c 


POWER SUPPLY (Ta = - 40 to + 85°C) 


Characteristics 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 


4.75 


5.0 


5.25 


V 


Active Power Dissipation (No Load, PI ^ Vqd - 0.5 V) 

(No Load, PI ^Vdd- 1.5 V) 


— 


23 
25 


33 
35 


mW 


Power Down Dissipation (V|h for logic levels must be ^ 3.0 V) PDf = Vss 

FST and FSR = Vss. PDl = Vqd 


— 


0.01 
0.1 


0.5 
1.0 


mW 


DIGITAL LEVELS (Vqd = + 5 V ± 5%, Vss = V. Ta = - 40 to + SS^'C) 


Characteristics 


Symbol 


Min 


Max 


Unit 


Input Low Voltage 


V|L 


- 


0.6 


V 


Input High Voltage 


V|H 


2.2 


- 


V 


Output Low Voltage (DT pin, loL= 2.5 mA) 


Vol 


- 


0.4 


V 


Output High Voltage (DT pin, Iqh = - 2.5 mA) 


VOH 


Vdd -0.5 


- 


V 


Input Low Current (Vss ^ Vjn ^ Vqd) 


l|L 


-10 


+ 10 


^A 


Input High Current (Vss ^ Vjn < Vqd) 


l|H 


-10 


+ 10 


HA 


Output Current in High Impedance State (Vss ^ DT ^ Vqd) 


loz 


-10 


+ 10 


iiA 


Input Capacitance of Digital Pins (except DT) 


Cm 


- 


10 


PF 


Input Capacitances of DT pin when High-Z 


Gout 


- 


15 


PF 
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ANALOG ELECTRICAL CHARACTERISTICS (Vdd = + 5 V ± 5%. Vss = V, Ta 


= - 40 to + 85°C) 






Characteristics 


MIn 


Typ 


Max 


Unit 


Input Current TI+,TI- 


- 


±0.1 


±1.0 


^A 


AC Input Impedance to Vag (1 kHz) Tl +, Tl - 


- 


1.0 


- 


MQ 


Input Capacitance TI+, Tl- 


- 


- 


10 


PF 


Input Offset Voltage of TG Op Amp Tl +, Tl - 


- 


- 


±5 


mV 


Input Common Mode Voltage Range Tl +, Tl - 


1.2 




Vdd -2.0 


V 


Input Common Mode Rejection Ratio Tl +, Tl - 


- 


60 


- 


dB 


Gain Bandwidth Product (10 kHz) of TG Op Amp (Rl > 10 kQ) 


- 


3000 


- 


kHz 


DC Open Loop Gain of TG Op Amp (Rl > 10 kQ) 


- 


95 


- 


dB 


Equivalent Input Noise (C-Mess) Between TI+ and Tl- at TG 


- 


-30 


- 


dBmC 


Output Load Capacitance for TG Op Amp 





- 


100 


pF 


Output Voltage Range for TG 
(RL = 10kntoVAG) 
(RL = 2kQtoVAG) 


0.5 
1.0 





Vdd-0.5 
Vdd -1-0 


V 


Output Current (0.5 V < Vout ^ Vqd - 0.5 V) TG, R0+, RO- 


±1.0 


- 


- 


mA 


Output Load Resistance to Vag TG, R0+, and RO- 


2 


- 


- 


kQ 


Output Impedance (0 to 3.4 kHz) RO+or RO- 


- 


1 


- 


Q 


Output Load Capacitance RO+or RO- 





- 


500 


pF 


DC Output Offset Voltage of R0+ or RO- Referenced to Vag 


- 


- 


±25 


mV 


Vag Output Voltage Referenced to Vss (No Load) 


2.2 


2.4 


2.6 


V 


Vag Output Current with ± 25 mV Change in Output Voltage 


±2.0 


±10 


- 


mA 


Power Supply Rejection Ratio Transmit 
(0 to 1 GO kHz @ 1 00 mVrms applied to Vdd, Receive 
C-Message Weighting, all analog signals 
referenced to Vag P'^O 


50 
50 


80 
75 


- 


dBC 


Power Drivers PI, PC +, PO- 


Input Current (Vag - 0.5 V < PI < Vag + 0.5 V) PI 


- 


±0.05 


±1.0 


^A 


Input Resistance (Vag - 0.5 V < PI < Vag + 0-5 V) PI 


10 


- 


- 


MQ. 


Input Offset Voltage PI 


- 


- 


±20 


mV 


Output Offset Voltage of PO+ Relative to PO- (Inverted Unity Gain for P0-) 


- 


- 


±50 


mV 


Output Current (Vss + 0.7 V < P0+ or PO- < Vdd - 0.7 V) 


±10 


- 


- 


mA 


P0+ or PO- Output Resistance (Inverted Unity Gain for P0-) 


- 


1 


- 


Q 


Gain Bandwidth Product (10 kHz, Open Loop for P0-) 


- 


1000 


- 


kHz 


Load Capacitance (P0+ or PO- to Vag, or P0+ to P0-) 





- 


1000 


pF 


Gain of P0+ Relative to PO- (Rl = 300 a + 3 dBmO, 1 kHz) 


-0.2 





+ 0.2 


dB 


Total Signal to Distortion at P0+ and PO- with a 300 Q. Differential Load 


45 


60 


- 


dBC 


Power Supply Rejection Ratio to 4 kHz 
(0 to 25 kHz @ 1 00 mVrms applied to Vdd- 4 to 25 kHz 
PO- Connected to PI. Differential or measured 
referenced to Vag P'f^-) 


40 


55 
40 


- 


dB 
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ANALOG TRANSMISSION PERFORMANCE 

(Vdd = + 5 V ± 5%, Vss = V, All Analog Signals Referenced to Vaq. dBmO = 0.775 Vrms = +0 dBm @ 600 ft, FST = 
BCLKT = MCLK = 2.048 MHz Synchronous Operation, Ta = - 40 to + 85°C, Unless Othenwise Noted) 



FSR = 8 kHz, 



Characteristics 


End-to-End 


A/D 


D/A 


Units 


Min 


Max 


Min 


Max 


Min 


Max 


Absolute Gain (0 dBmO @ 1.02 kHz, Ta=25°C, Vqd = 5.0 V) 


— 


— 


-0.25 


+ 0.25 


-0.25 


+ 0.25 


dB 


Absolute Gain Variation with Temperature to +70°C 

-40 to +85°C 


— 


— 





±0.03 
±0.05 





±0.03 
±0.05 


dB 


Absolute Gain Variation with Power Supply (Ta = 25°C) 


— 


— 


— 


±0.03 


— 


±0.04 


dB 


Gain vs Level Tone (Mu-Law, Relative to -10 dBmO, 1 .02 kHz) 

+ 3 to - 40 dBmO @ to +85°C 
+ 3 to - 40 dBmO @ - 40 to 0°C 

- 40 to - 50 dBmO @ to +85°G 

- 40 to - 50 dBmO @ - 40 to 0°C 
-50to-55dBm0@0to+85°C 

- 50 to - 55 dBmO @ - 40 to 0°C 


- 


- 


-0.25 
-0.25 
-0.8 
-0.8 
-1.3 
-1.3 


+ 0.25 
+ 0.25 
+ 0.8 
+ 0.8 
+ 1.3 
+ 1.3 


-0.20 
-0.25 
-0.5 
-0.9 
-1.0 
-1.8 


+ 0.20 
+ 0.25 
+ 0.5 
+ 0.9 
+ 1.0 
+ 1.8 


dB 


Gain vs Level Pseudo Noise, CCITT G.712 
(A-Law, Relative to -1 dBmO) - 1 to - 40 dBmO 

-40to-50dBmO 
- 50 to - 55 dBmO 


- 


- 


-0.25 
-0.60 
-1.00 


+ 0.25 
+ 0.30 
+ 0.45 


-0.25 
-0.30 
-0.45 


+ 0.25 
+ 0.30 
+ 0.45 


dB 


Total Distortion, 1.02 kHz Tone (Mu-Law, C-Message Weighting) 

+ 3 dBmO 
to - 30 dBmO 

- 40 dBmO @ to +85°C 

- 40 dBmO @ - 40 to 0°C 

-45dBmO 


- 


- 


34 
36 
30 
28.5 
25 


— 


34 
36 
30 
28.5 
25 


— 


dBC 


Total Distortion, Pseudo Noise, CCITT G.714 (A-Law) 

- 3 dBmO 
- 6 to - 27 dBmO 

- 34 dBmO 
-40dBm0@0to+85°C 
- 40 dBmO @ - 40 to 0°C 

-55dBmO 


- 


- 


30.0 
35.0 
34.0 
28.5 
28.0 
13.5 


- 


30.0 
36.0 
34.5 
29.5 
28.5 
14.5 


- 


dB 


Idle Channel Noise (For End-to-End and A/D, See Note 1) 

(Mu-Law, C-Message Weighted) 
(A-Law, Psophometric Weighted) 


- 


- 


- 


18 
-68 


- 


11 
-78 


dBrncO 
dBmOp 


Frequency Response (Relative to 1 .02 kHz @ dBmO) 

15 Hz 

50 Hz 

60 Hz 

200 Hz 

300 to 3000 Hz 

3300 Hz 

3400 Hz 

4000 Hz 

4600 Hz to 100 kHz 


- 


- 


-1.0 
-0.20 
-0.35 
-0.8 


-40 
-30 
-26 
-0.4 
+ 0.15 
+ 0.15 


-14 
-32 


-0.5 
-0.5 
-0.5 
-0.5 
-0.15 
- 0.35 
-0.8 









+ 0.15 
+ 0.15 


-14 

30 


dB 


Inband Spurious (1.02 kHz @ dBmO, Transmit and Receive) 

300 to 3000 Hz 





-48 





-48 





-48 


dB 


Out-of-Band Spurious at R0+ (300 to 3400 Hz @ dBmO in) 

4600 to 7600 Hz 

7600 to 8400 Hz 

8400 to 100,000 Hz 


- 


-30 
-40 
-30 


- 


- 


- 


-30 
-40 
-30 


dB 


Idle Channel Noise Selective (8 kHz, Input = Vag, 30 Hz Bandwidth) 


— 


-70 


— 


— 


— 


-70 


dBmO 


Absolute Delay (1600 Hz) 


— 


— 


— 


315 


— 


205 


^is 


Group Delay Referenced to 1600 Hz 

500 to 600 Hz 
600 to 800 Hz 
800 to 1000 Hz 
1000 to 1600 Hz 
1600 to 2600 Hz 
2600 to 2800 Hz 
2800 to 3000 Hz 


- 


- 


- 


210 
130 
70 
35 
70 
95 
145 


-40 
-40 
-40 
-30 


85 
110 
175 


^is 


Crosstalk of 1020 Hz @ dBmO from A/D or D/A (Note 2) 


— 


— 


— 


-75 


— 


-70 


dB 


Intermodulation Distortion of two Frequencies of Amplitudes 
(- 4 to - 21 dBmO from the Range 300 to 3400 Hz) 





-41 





-41 





-41 


dB 



NOTES: 1 . Extrapolated from a 1 020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 
2. Selectively measured while stimulated with 2667 Hz @ - 50 dBmO. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 45480 
2-833 



DIGITAL SWITCHING CHARACTERISTICS, LONG FRAME SYNC AND SHORT FRAME SYNC 

(Vdd = + 5 V ± 5%, Vss = V, All Digital Signals Referenced to Vss. Ta = - 40 to + SS^C, Cl = 150 pF, Unless Othenfl/ise Noted) 



Ref# 


Characteristics 


MIn 


Typ 


Max 


Unit 


1 


Master Clock Frequency for MCLK 


1 


256 
512 
1536 
1544 
2048 
2560 
4096 


- 


kHz 


1 


MCLK Duty Cycle for 256 kHz Operation 


45 


- 


55 


% 


2 


Minimum Pulse Width High for MCLK (Frequencies of 512 kHz or Greater) 


50 


- 


- 


ns 


3 


Minimum Pulse Width Low for MCLK (Frequencies of 512 kHz or Greater) 


50 


- 


- 


ns 


4 


Rise Time for All Digital Signals 


- 


- 


50 


ns 


5 


Fall Time for All Digital Signals 


-• 


- 


50 


ns 


6 


Setup Time from MCLK Low to FST High 


50 


- 


- 


ns 


7 


Setup Time from FST High to MCLK Low 


50 


- 


- 


ns 


8 


Bit Clock Data Rate for BCLKT or BCLKR 


64 


- 


4096 


kHz 


9 


Minimum Pulse Width High for BCLKT or BCLKR 


50 


- 


- 


ns 


10 


Minimum Pulse Width Low for BCLKT or BCLKR 


50 


- 


- 


ns 


11 


Hold Time from BCLKT (BCLKR) Low to FST (FSR) High 


20 


- 


- 


ns 


12 


Setup Time for FST (FSR) High to BCLKT (BCLKR) Low 


80 


- 


- 


ns 


13 


Setup Time from DR Valid to BCLKR Low 





- 


- 


ns 


14 


Hold Time from BCLKR Low to DR Invalid 


50 


- 


- 


ns 


LONG FRAME SPECIFIC TIMING 


15 


Hold Time from 2nd Period of BCLKT (BCLKR) Low to FST (FSR) Low 


50 


- 


- 


ns 


16 


Delay Time from FST or BCLKT, Whichever Is Later, to DT for Valid MSB Data 


- 


- 


60 


ns 


17 


Delay Time from BCLKT High to DT for Valid Chord and Step Bit Data 


- 


- 


60 


ns 


18 


Delay Time from the Later of the 8th BCLKT Falling Edge, or the Falling Edge of FST to 
DT Output High Impedance 


10 


— 


60 


ns 


19 


Minimum Pulse Width Low for FST or FSR 


50 


- 


- 


ns 


SHORT FRAME SPECIFIC TIMING 


20 


Hold Time from BCLKT (BCLKR) Low to FST (FSR) Low 


50 


- 


- 


ns 


21 


Setup Time from FST (FSR) Low to MSB Period of BCLKT (BCLKR) Low 


50 


- 


- 


ns 


22 


Delay Time from BCLKT High to DT Data Valid 


10 


- 


60 


ns 


23 


Delay Time from the 8th BCLKT Low to DT Output High Impedance 


10 


- 


60 


ns 
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Figure 3. Long Frame Sync Timing 
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Figure 4. Short Frame Sync Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR IDL MODE 

(Vdd = 5.0 V ± 5%, Ta = - 40 to + 85°C, Cl = 150 pF. See Figure 5, Note 1 .) 



Ref# 


Characteristics 


IVIin 


IVIax 


Unit 


31 


Time Between Successive IDL Syncs 


Note 2 




32 


Hold Time of IDL SYNC After Falling Edge of IDL CLK 


20 


- 


ns 


33 


Setup Time of IDL SYNC Before Falling Edge IDL CLK 


60 


- 


ns 


34 


IDL Clock Frequency 


256 


4096 


kHz 


35 


IDL Clock Pulse Width High 


50 


- 


ns 


36 


IDL Clock Pulse Width Low 


50 


- 


ns 


37 


Data Valid on IDL RX Before Falling Edge of IDL CLK 


20 


- 


ns 


38 


Data Valid on IDL RX After Falling Edge of IDL CLK 


75 


- 


ns 


39 


Falling Edge of IDL CLK to High Z on IDL TX 


10 


50 


ns 


40 


Rising Edge of IDL CLK to Low Z and Data Valid on IDL TX 


10 


60 


ns 


41 


Rising Edge of IDL CLK to Data Valid on IDL TX 


- 


50 


ns 



NOTES: 1 . Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logic level. 

2. In I DL mode, both transmit and receive 8-bit PCM words are accessed during B1 channel or both transmit and receive 8-bit PCM words 
are accessed during the B2 channel as shown in Figure 5. IDL accesses must occur at a rate of 8 kHz (125 ^is interval). 
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Figure 5. IDL Interface Timing 
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DIGITAL SWITCHING CHARACTERISTICS FOR GCI MODE 

(Vdd = 5.0 V ± 5%, Ta = - 40 to + 85°C, Cl = 150 pF, See Figure 6, Note 1 .) 



Ref# 


Characteristics 


l\1in 


I\1ax 


Unit 


42 


Time Between Successive FSC Pulses 


Note 2 




43 


DOL Clocl< Frequency 


512 


6176 


kHz 


44 


DCL Clock Pulse Widtli High 


50 


— 


ns 


45 


DOL Clock Pulse Width Low 


50 


— 


ns 


46 


Hold Time of FSC After Falling Edge of DCL 


20 


— 


ns 


47 


Setup Time of FSC to DCL Falling Edge 


60 


— 


ns 


48 


Rising Edge of DCL (After Rising Edge of FSC) to Low Impedance and Valid Data of Dout 


— 


60 


ns 


49 


Rising Edge of FSC (While DCL Is High) to Low Impedance and Valid Data of Dout 


— 


60 


ns 


50 


Rising Edge of DCL to Valid Data on Dout 


— 


60 


ns 


51 


Second DCL Falling Edge During LSB to High Impedance of Dout 


10 


50 


ns 


52 


Setup Time of Djn Before Rising Edge of DCL 


20 


— 


ns 


53 


Hold Time of Djn After DCL Rising Edge 


— 


60 


ns 



NOTES: 1 . Measurements are made from the point at which the logic signal achieves the guaranteed minimum or maximum logic level. 

2. In GCI mode, both transmit and receive 8-bit PCM words are accessed during B1 channel or both transmit and receive 8-bit PCM 
words are accessed during the B2 channel as shown in Figure 6. GCI accesses must occur at a rate of 8 kHz (125 \is interval). 
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Figure 6. GCI Interface Timing 
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Figure 7. MCI 45480 Test Circuit with Differential Input and Output 
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Figure 8. MC1 45480 Test Circuit witli Input and Output Referenced to Vss 
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Figure 10. IVICI 45480 Analog Interface to Handset with IDL Clocking 
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Figure 11. MC145480 Transformer Interface to 600 Q. Telephone Line with GCI Clocking 
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Figure 12. MCI 45480 Step-Up Transformer Interface to 600 Q Telephone Line 
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Table 3. Mu-Law Encode-Decode Characteristics 



Chord 
Number 


Number 
of Steps 


Step 
Size 


Normalized 

Encode 

Decision 

Levels 








Digita 


Code 








Normalized 
Decode 
Levels 


1 


2 


3 


4 


5 


6 


7 


8 


Sign 


Chord 


Chord 


Chord 


Step 


Step 


Step 


Step 








8159 
7903 
4319 
4063 
2143 
2015 
1055 
991 

511 
479 
239 
223 

103 

95 

35 

31 

3 
1 







8 


16 


256 


1 























8031 






1 











1 


1 


1 


1 


4191 


7 


16 


128 






1 








1 


1 


1 


1 


1 


2079 


6 


16 


64 






1 





1 





1 


1 


1 


1 


1023 


5 


16 


32 






1 





1 


1 


1 


1 


1 


1 


495 


4 


16 


16 






1 


1 








1 


1 


1 


1 


231 


3 


16 


8 






1 


1 





1 


1 


1 


1 


1 


99 


2 


16 


4 






1 


1 


1 





1 


1 


1 


1 


33 


1 


15 


2 






1 


1 


1 


1 


1 


1 


1 





2 


1 


1 


1 


1 


1 


1 


1 


1 


1 


1 
















NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes inversion of all magnitude bits. 
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Table 4. A-Law Encode-Decode Characteristics 



Chord 
Number 


Number 
of Steps 


Step 
Size 


Normalized 

Encode 

Decision 

Levels 


Digital Code 


Normalized 
Decode 
Levels 


1 


2 


3 


4 


5 


6 


7 


8 


Sign 


Chord 


Chord 


Chord 


Step 


Step 


Step 


Step 








4096 
3968 
2176 
2048 
1088 
1024 
544 
512 
272 
256 

136 

128 

68 

64 
2 







7 


16 


128 


1 





1 


1 





1 





4032 






1 





1 





1 





1 


2112 


6 


16 


64 






1 





1 


1 


1 





1 


1056 


5 


16 


32 






1 











1 





1 


528 


4 


16 


16 






1 








1 


1 





1 


264 


3 


16 


8 






1 


1 


1 





1 





1 


132 


2 


16 


4 






1 


1 


1 


1 


1 





1 


66 


1 


32 


2 






1 


1 





1 


1 





1 


1 













NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes inversion of all even numbered bits. 
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Technical Summary 

Dual Data Link Controller 

This Technical Summary gives a brief overview of the IViCI 45488 Dual Data 
Link Controller. The MC1 45488 is a two-channel ISDN LAPD controller with an 
on-chip direct memory access (DMA) controller. It is intended for ISDN terminal 
and switch applications where one or two channels of data will use HDLC-type 
protocols. The DDLC can also be used in local area, wide area network, and bridge 
router applications. Each serial interface can be clocked at data rates up to 10 
Mbps. The DDLC can operate with microprocessors using clock frequencies up 
to 20.5 MHz. 

The DDLC is ideally suited for use with the MC1 45474 S/T transceiver. The 
interchip digital link (IDL) easily connects the chips together, providing a powerful 
layer one/layer two ISDN solution. A serial control port is provided to efficiently 
control the MC1 45474 or other ISDN family devices. The DDLC is compatible 
with 68000 and 80186 bus structures. 

Note 

This document is a summary of principal features and operation of 
the DDLC. Please refer to the MC1 45488 DDLC data book for the 
complete description and electrical specifications. It can be ordered 
from your local Motorola sales office or from the Motorola Literature 
Distribution Center as MC145488/D. 

• Two Independent Full-Duplex Bit-Oriented Protocol Controllers Support 

— HDLC, SDLC, CCITT X.25, CCITT 0.921 (LAPD), and V.120 at Basic 

— and Primary Rates 

• Four Channel On-Chip DMA Controller 

— 64 Kbyte Address Range with Expansion Control 

— Internal Programmable Wait-State Generator 

— Two Buffer Descriptors for Each Receiver Channel 

• Compatible with 68000 and 80186 Bus Structures 

— Non-multiplexed 16- or 8-Bit Data Bus 

— Frame sizes up to 4096 bytes 

• Bit-Level HDLC Processing Including: 

— Flag Generation/Detection 

— Abort Generation/Detection 

— Zero Insertion/Deletion 

— CRC-CCITT Generation/Checking 

— Residue Bit Handler 

• TEI/SAPI Address Comparison 

— Three Address Comparisons 

— Wildcard Bits for Block Comparisons 

• Transparent Mode for Codec Compatibility 

• Programmable Interrupt Vector Generation 

• Two Independent Timers Configurable as a Watchdog Timer 

• Flexible Serial Interface with: 

— IDL Interface for Connection to Other ISDN Family Devices 

— Timeslot Interface for Connection to PBX-Type Backplanes 

— Modem Interface for Other Applications 

• Supports CCITT Specification 1 .460 

• Supports DMI Specification 3.1 Modes 0, 1, 2, and 3 

• Serial Control Port for ISDN Family Device Control 

• Low-Power CMOS with Automatic Power-Down 

• Serial Data Rates Up to 10 Mbps 

• DDLC Master Clock Up to 20.5 MHz 

MICROWIRE is a trademark of National Semiconductor, Inc. 
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GENERAL DESCRIPTION 

DDLC OVERVIEW 

The MC1 45488 Dual Data Link Controller (DDLC) is a 
high-performance two-channel protocol controller with an 
on-chip direct memory access controller (DMAC). Each 
channel has a full-duplex transceiver with independent 
protocol controllers to handle the bit-level tasks of HDLC-type 
bit-oriented protocols, including LAPB and LAPD. Each 
channel also has dedicated DMA controllers for transmit and 
receive. A transparent mode is provided which bypasses the 
protocol circuitry so that serial data may be directly transferred 
between the host processor's memory and the serial interface. 
The DDLC's microprocessor interface is configurable to 68000 
or 80186 systems and may be used in 8-bit or 16-bit bus 
modes. The DDLC's master clock can be obtained from 
microprocessor clocks up to 20.5 MHz. 

Each channel has a serial data interface which operates 
up to and above T1 or El primary rate speeds in three modes: 
IDL, Timeslot, and Modem. In the IDL (Interchip Digital Link) 
mode for ISDN applications, the IDL bus is supported. When 
in the IDL D channel mode, the DREQ and DGRNT access 
control lines to the ISDN D channel, through the MCI 45474 
S/T transceiver, are enabled. The timeslot mode is used to 
connect the DDLC to PBX-type PCM highway backplanes. 
Both long-frame and short-frame timing are supported as well 
as synchronous transmit and receive. In the modem mode, 
each channel has its own separate transmit and receive clock 
inputs along with modem control lines (RTS, CTS, and CD). 
The two channels are independent and may be in different 
interface modes. 

A serial control port (SCP) is provided to pass control 
information to other devices in a system. The SCP is 
compatible with Motorola's Serial Peripheral Interface (SPI) 
and National Semiconductor's MICROWIRE™ Plus. Two 
internal timers may be used for general purpose, low 
resolution timing of HDLC-type protocols. One of the timers 
may be configured as a watchdog timer to reset the entire 
system in the event of a hardware or software failure. 

Power consumption is an important aspect of ISDN terminal 
designs, and the DDLC was designed to use the minimum 
power possible while maintaining maximum functionality. The 
DDLC keeps power consumption to a minimum with an 
automatic power-down feature that turns off sections of 
circuitry that are not being us^. Only those circuits that are 
actually used (e.g., when the CS pin is activated for a register 
read/write or when the DMA controller performs a bus 
transaction) enter the normal power state for the duration of 
the access and for any time required for internal processing. 

Two internal loopback functions and special chip and 
system test modes are available. The loopbacks are controlled 
by the host for on-line maintenance. The test modes are 
activated by bits in the master control register and provide 
access to the internal state machines. 

HDLC PROTOCOL OVERVIEW 

HDLC (High-Level Data Link Control) and its descendants, 
LAPB (Link Access Protocol-Balanced) and LAPD (Link 
Access Protocol for the D channel), are bit-oriented 
synchronous protocols which are widely used in data 
communications systems. LAPB and LAPD share the basic 
format of HDLC but differ in minor aspects (see Figure 1). 

In the packet mode, the DDLC transmits and receives data 
in a format called a frame or packet. All frames start with an 
opening flag and end with a closing flag. Between the flags, 



a frame contains an address field, control field, information 
field, and a cyclic redundancy check field (CRC). 

80R16 80R16 
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Figure 1. HDLC Frame Format 

Flag 

The flag is the unique binary pattern (0111111 0). It provides 
the frame boundary and a reference for the position of each 
field of the frame. 
Address Field 

The 8- or 16-bits following the opening flag comprise the 
address field. The address field is used to distinguish between 
the various devices in a network. The DDLC has address 
recognition circuitry Included, which relieves the host from this 
task. 
Control Field 

The 8 or 16 bits following the address field are the control 
field. Commands and responses between the devices in a 
network are exchanged in this field. 
Information Field 

This field follows the control field and precedes the CRC 
field. The information field contains the data to be transferred 
and may be a null field. 
Cycle Redundancy Check Field 

The 16-bits preceding the closing flag are the Cycle 
Redundancy Check (CRC) field. This field detects bit errors 
in the address, control, and information fields. Checking is with 
the standard CCITT polynominal x^^xISxS + 1 for both the 
transmitter and receiver. The transmitter calculates the CRC 
on all bits of the frame (except for the flags) and transmits 
the complement of the resulting remainder as the CRC field. 
The receiver performs the similar computation on all bits 
(except for the flags) and compares the result to F0B8. 
Zero Insertion and Deletion 

Zero Insertion and deletion, which allows the content of the 
frame to be transparent, is automatically performed by the 
DDLC. A binary Is Inserted by the transmitter after any 
succession of five Is within a frame (between flags). This 
eliminates the possibility of data imitating a flag character. The 
receiver deletes all Os that were Inserted by the transmitter 
to regenerate the original data. 
Abort 

The function of prematurely terminating a data frame is 
called an abort. The transmitter aborts a frame by sending 
between seven and fourteen consecutive Is. When the 
receiver detects an abort character, it responds by clearing 
the FIFO and clearing the buffer in memory. It then begins 
searching for a new frame. 

Idle and Interframe Time Fill 

For LAPB and other applications, there are three states that 
the data link may be in: in-frame. Inter-frame time fill, and Idle. 
In-frame is the period from the beginning of an opening flag 
and the end of a closing flag. Inter-frame time fill is the period 
between frames when continuous flags are transmitted. Idle 
Is an out-of-frame period when continuous Is are on the link. 
In LAPD, on the D channel, there are only two states: inframe 
and idle. Continuous flags are not transmitted between 
frames. 
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BLOCK DIAGRAM DESCRIPTION 

This section is a brief overview of the internal blocks of the 
DDLC. The blocks include two protocol controllers that handle 
the bit-level aspects of HDLC-like packet protocols and four 
Fl FOs that buffer the data, a four-channel DMA controller, and 
a microprocessor interface block that connects the DDLC to 
the host system. Figure 3 is a simplified block diagram of the 
DDLC. While the DDLC has two data transceivers, only one 
is shown for simplicity. 
TRANSMIT BIT HANDLER 

Two identical bit-level protocol transmitters are provided 
which perform HDLC-type framing. This section describes the 
operation of only one transmitter, but it applies to both. 
Packet Operation 

The transmitter is designed to operate with as little 
intervention from the host processor as possible. To transmit 
a frame of data, the host merely informs the DDLC of the 
starting address of the data frame in memory and the length 
of the frame in bytes. The DDLC then transmits an opening 
flag and the data (LSB first) from memory. When the 
transmitter detects that the end of the data buffer has been 
reached, a CRC field and a closing flag are appended. The 
transmitter generates an abort character if the FIFO 
underruns. During inter-frame periods, the DDLC can be 
configured to transmit either continuous flags (7E hex) or 
continuous marks (FF hex). 
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State Diagram 

Figure 2 is the state diagram for the transmitter in packet 
operation. 
Abort 

The DDLC can be configured to transmit a standard HDLC 
abort character. It can also transmit an abort character which 
is compatible with DMI 3.1 modes 2 or 3 for restricted 
B-channel applications. An abort character will be transmitted 
when the TX Fifo underruns, when the Force Abort bit is set 
in the Transmit Control Register, or when the CTS pin is 
deasserted. 
Flow Control Mechanisms 

The DDLC provides two flow control mechanisms: one for 
basic rate ISDN applications and the other for standard 
modem applications. The following paragraphs describe the 
operation of the two schemes. 
ISDN D Channel Contention 

When the DDLC is operating on the D channel with the 
companion MC1 45474 S/T transceiver, the DREG and 
DGRNT lines must be used to comply with the basic rate D 
channel contention algorithm. When the DDLC has a data 
frame to transmit, it asserts DREG (high). When DGRNT is 
detected high from the MC1 45474 transmission from the 
DDLC begins in the IDL D-bit time slots when DREG and 
DGRNT are both active. If DGRNT is deasserted (goes low) 
in the middle of a frame, the DDLC automatically aborts the 
frame in progress and prepares to retransmit the entire frame 
when the D channel becomes available again. This is done 
without interrupting the host. 
Modem Flow Control 

The transmitter indicates to a modem that it has data ready 
to transmit with signals si milar t o D channel operation. In this 
mode, Request-To-Send (RTS) is directly contro lled by the 
Transmit Enable (TE) bit. When TE is high, the RTS pin is 
asserted (low). During inter-frame period s, eit her flags or 
marks (as selected) are transmitted but the RTS pin remains 
asserted until the user negates the TE bit. Transmission of 
a frame, if one is rea dy, ac tually begins when the modem 
asserts Clear-to-Send (CTS low). If CTS is negated for more 
than one Tx CLK period while a frame is in transmission, the 
frame is aborted and the DMA pointers are reset so that the 
frame can be retransmitted without interrupting the host. 

Interrupts 

There is one interrupt generated by the transmitter state 
machine. Transmit Frame Complete indicates that an entire 
frame and its closing flag have been successfully transmitted. 
Ordinarily, this interrupt is used for basic rate ISDN D channel 
operation. Two other interrupts associated with the transmitter 
are generated by the DMA controller and are discussed in the 
section describing the DMA controller. 
Transmit FIFO 

The transmitter has a FIFO which buffers it from the DMA 
controller. It is four characters deep and nine bits wide. The 
ninth bit is a Tag bit which is set when the the last byte of a 
frame is read from memory by the DMA controller. After the 
tagged byte, the DDLC sends a closing CRC and flag 
sequence. 



Figure 2. Transmitter State Diagram HDLC Operation 
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Figure 3. DDLC Block Diagram (One Transceiver Shown) 



Transparent Operation 

The transmitter has the capability of operating with 
unframed data such as PCM-encoded voice or proprietary 
protocols. Raw data may be transmitted from memory with 
byte alignment maintained through the FIFO and transmitter. 
Byte alignment signals must be provided. In the modem mode, 
the alignment signal is externally generated. In IDL and 
timeslot operation, it is internally generated but user pro- 
grammable. The DDLC transmits data continuously as long 
as there is data to transmit. 

Interframe Time Fill 

The bit sequence that is transmitted between frames is 
determined by the value of the ITF bit in the Transmit Control 
register. The interframe time fill can be either the X.25 flag 
character (7E hex) or the LAPD marks (1) idle. 

RECEIVE BIT HANDLER 

The receiver provides the complementary functions to the 
transmitter. This section describes the operation of one 
receiver, but it applies to both receivers. 

Packet Operation 

The receiver is reset and idle until the Receive Enable bit 
is set, at which time it begins searching for a flag character. 
When a flag Is found, the selected address field of the frame, 
if desired, is checked and if a match is found, the DDLC passes 
the frame of data to the allocated buffer in memory. If no 
address match is found, the DDLC clears the FIFO, resets 
the DMA pointers, and searches for a new frame. Zeros 
inserted by the transmitter are removed from the data before 
placing the bytes in memory. When the closing flag is detected, 
the CRC field Is checked and if found to be correct, the DDLC 
queues an interrupt indicating that a good data frame has been 
received and is In memory. If the CRC is found to be in error, 
the DDLC automatically resets the buffer pointers to the start 
of the buffer and searches for a new frame. 

Each receiver has two receive buffers, A and B. This permits 
one buffer to be actively receiving a frame while software Is 
obtaining the data from and reinitializing the other buffer. If 
an incoming frame is longer than the length defined for the 
active receive buffer, the DDLC will switch to the second buffer 
If it Is enabled. 

If an abort character is found, the buffer pointers in the DMA 
controller are reset and the aborted frame is ignored. The Fl FO 



Is cleared and the receiver begins searching for a flag. No 
Interrupt Is generated. 
State Diagram 
Figure 4 shows the state diagram of the receiver. 




Figure 4. Receiver State Diagram HDLC Operation 

Non-Octet Aligned Packets 

The receiver has the capability of operating in non-octet 
aligned packet systems. The residue bit count Indicating the 
number of orphan data bits at the end of the Information field 
is placed In the RC bits of the Receive Status register. These 
bits are valid until oven/vrltten by another frame. In non-octet 
aligned systems, the software should check the residue count 
soon after receiving a Receive Buffer Complete Interrupt to 
ensure that the residue count is not oven/vrltten by the next 
frame. Orphan bits are LSB justified In memory. Note: The 
DDLC does not transmit non-octet aligned frames. 
Address Recognition (Filtering) 

The receiver can filter received frames by comparing their 
address fields to user programmable addresses. Two 
addresses may be programmed with another (broadcast, FF 
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hex) hardwired into the receiver. Address filtering may be 
performed on either the first OR second octet following the 
opening flag of a frame. Typically, in ISDN terminal 
applications, the TEI address (second) field will be of interest. 
In network applications, the SAPI (first) field will be checked. 
A separate Wildcard register allows selected bits of Compare 
Address to be ignored during the comparison procedure. 
If received frames are rejected by address recognition, the 
receiver is reset and searches for a new frame. Address 
recognition may be disabled by clearing the Address Compare 
Enable bit to 0. 
Receive FIFO 

The receiver has a FIFO that is similar to the transmitter's. 
It is four characters deep and ten bits wide (eight bits for data 
and two bits for the Tag). Serial bytes are produced by the 
receiver and converted to parallel. As each byte is formed, 
it is pushed into the Fl FO. A comparator in the controller keeps 
track of the occupancy of the FIFO and requests that the DMA 
controller place a word of data (1 6-bits) in memory when there 
are two or more bytes in the FIFO. In 8-bit operation, the FIFO 
requests service when one or more bytes of data read are 
ready to be placed in memory. If the FIFO overruns because 
the DMA controller did not service a request, an interrupt is 
queued. When a receiver is operating at 64 kbps in the 16-bit 
mode, DMA requests from that FIFO occur at approximately 
250 us intervals. 
Transparent Operation 

The DDLC receiver provides a transparent operation mode 
for passing raw octet-aligned serial data to memory via DMA. 
This feature is useful for storing PCM voice or proprietary 
protocols in memory. When using the DDLC to pass PCM 
voice to memory, maximum buffer size of 4096 bytes should 
be used. The Receive Buffer Overrun Interrupt is used in 
conjunction with Receive Buffers A and B that are available 
for each channel when transparent mode is used. Because 
the transparent mode requires that data be in eight-bit 
quantities, synchronization procedures for defining octet 
boundaries are required. In the modem mode, the sync signal 
is externally generated and input on the CD pin. In IDL mode 
timeslot operation, the sync signal is internally generated but 
user programmable. Once byte alignment is obtained in the 
receiver, it is maintained through the DMA controller into 
memory. 
Interrupts 

There are two interrupts generated by the receiver. The 
receiver queues an interrupt when a frame has been 
successfully received. The receive idle interrupt indicates that 
15 or more consecutive Is were received. This interrupt is 
considered normal operation. The current status of receive 
idle and carrier detect is available in the Receive Status 
register, but the user must remember that they can change 
immediately after being read. The carrier detect pin also 
generates an interrupt when it changes state. 

DMA CONTROLLER 

In order to relieve the host software from critically timed data 
transfers to or from the protocol controllers, the DDLC 
provides four DMA channels, one for each transmitter and 
receiver. 

DMA Operation 

When the DMA controller detects a service request from 
one of the FIFOs, it prepares the address and data from the 
transfer then requests ownership of the system bus from the 
host When ownership is granted, the DMA controller assumes 



control of the bus and transfers data either to or from memory. 
Transfers are 1 6 bits or 8 bits, depending on the selected bus 
width. When the number of bytes in a received frame is odd, 
the last byte is placed in the most significant byte of the last 
word. The least significant byte contains unknown data. The 
receive byte count contains the correct number of bytes 
received (including the CRC). When odd length frames are 
transmitted, the last word read from memory has the last byte 
transmitted in the most significant byte, and the least 
significant byte of that word is discarded. 

The DMA controller uses a round robin strategy to service 
internal DMA requests. A channel that was just serviced is 
not polled again until all other channels have been polled and 
serviced, if needed. The DDLC services one DMA request 
per bus arbitration cycle. The DDLC does not perform burst 
DMAs, so other devices can have access to the microproces- 
sor bus. This type of operation improves system performance 
and guarantees that the DDLC is well behaved. 

It is Impossible to precisely predict what the DDLC bus 
occupancy will be, but worst case with both channels 
operating full-duplex at 64 kbps (aggregate rate of 256 Kbps) 
in a 1 6-bit 68000 system with a 1 2 MHz MCLK, approximately 
0.66% of the host bus bandwidth is consumed by the DDLC. 
Bus occupancy increases linearly with data rate. At very high 
data rates, latency from the bus request to the bus grant and 
interrupt service latency become the limiting factors. It must 
also be kept in mind that the DDLC can generate interrupts 
quickly, especially with a large number of small data packets 
at a high clock rate. 
Buffer Descriptors 

As previously stated, the DDLC has four DMA channels. 
Pointer registers and counters are required so that the DMA 
controller knows where to place or fetch data in memory. 
Transmit Buffer Descriptors 

When the host has a frame of data to transmit, it informs the 
DMA controller where the data resides in memory. A 16-bit 
register, the Transmit Base Address register, points to the first 
word of the transmitted frame and provides a 64 kbyte address 
range. The host programs the address of the first word to be 
transmitted into this register. The length of the data frame must 
also be given to the DMA controller, so a 12-bit Transmit 
Frame Length register is used to indicate the length of the 
frame in bytes. Frames of up to 4096 bytes in length may be 
transmitted. 

Back to back frames can be transmitted by updating the 
transmit buffers when the Transmit DMA Complete interrupt 
is generated. 

Note 

Once a transmit buffer descriptor has been prepared, it 
must not be disturbed until the transmit DMA complete 
or transmit frame complete interrupts are generated. 

Receive Buffer Descriptors 

The receive buffer descriptors have a 1 6-Bit Receive Buffer 
Base Address register, a 12-Blt Buffer Length register, and 
a 12-Bit Frame Length register. The 16-Bit Base Address 
register provides 64 kbyte address range and contains the 
address of the first word of the data buffer to accept a data 
frame. The 12-Bit Frame Length register indicates the length 
of the memory buffer in bytes. Buffers of up to 4096 bytes may 
be built. The DMA controller never places data outside of the 
boundaries set-up by these two registers. The Frame Length 
register indicates the number of bytes (including the CRC) 
received. 
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Each channel has a pair of buffer descriptors. These may 
be used alternately so that while one buffer is filling, another 
buffer is ready in-waiting. If back-to-back data frames are 
received, after the first buffer has been closed the second is 
immediately ready for the next frame. There must be at least 
one buffer ready to accept data when the Rx Enable bit Is set. 
Figure 6 describes the activity of the receiver with four buffers 
in memory. 

If a packet is being received and no buffers are ready, the 
receive FIFO will overrun, the Receiver Enable bit is reset, 
and an interrupt is queued indicating the overrun. If both 
descriptors are ready, then Buffer A is filled first. If a received 
frame Is larger than a buffer, the Buffer (A or B) Overrun 
Interrupt is queued, but the receiver continues to receive and 
the DMA controller places the data in the alternate buffer (if 
It is available). If an alternate buffer Is not ready, the Rx FIFO 
Overrun Interrupt is generated and the receiver is reset. 

Once a data frame has been completely received, the 
number of bytes received Is indicated in the Frame Length 
register. The number in this register Is valid only when the 
Receive DMA Complete bit (Buffer A or Buffer B) In the 
Receive Status register is set to '1'. 

Note: As with the transmitter, once a receive buffer 
descriptor has been prepared, it must not be disturbed until 
the closing flag has been found and DMA activity on the buffer 
has stopped. 
Address Expansion 

The DDLC provide s signa ls for expansion of the 64 kbyte 
address space. The OWN pins are activated with timing 
identical to the address pins to enable extern al add ress 
expansion circuitry onto the address bus. Using the OWN pins 
with the R/W pin, the transmit and receive buffers may all be 
on separate 64 kbyte pages in memory. 

Transmit Channel Operation 

Figure 6 is a simplified state diagram of the DMA controller's 
operation when a transmit channel requests service. 
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Figure 5. Transmit DIVIA State Diagram 

Four interrupts are produced by the transmitter DMA 
channel. Transmit DMA Complete indicates that the last byte 
of data has been transferred from the buffer into the transmit 
FIFO. FIFO Underrun indicates the DMA requests were not 
ser viced a nd the FIFO underran. Bus Error is generated when 
the BERR pin is activated during a DMA cycle. Address Error 
is generated when either lACK or CS are activated during a 
DMA cycle. 
Receive Channel Operation 

Figure 8 is a simplified state diagram for operation of the 
DMA controller when a receive channel requests service. 
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Figure 6. Alternate Receive Buffer Operation 
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MICROPROCESSOR INTERFACE 

The microprocessor block interfaces the internal 16-bit bus 
to the host 8- or 1 6-bit bus. The block also performs all timing 
conversion and buffering. This block has three modes of 
operation described in this section: system slave, system 
master, and Interrupt generator. 

System Slave Mode 

When the DDLC is in this mode, it appears as fast memory 
to the host processor. The host can read from or write to the 
registers in the DDLC. This mode is entered when the CS pin 
is activated. Internal address decoding circuitry is selected 
and the desired register is connected to the internal bus for 
access by the host. 

System Master (DMA) Mode 

During DMA operation, the DDLC becomes a system 
master and controls the system bus. When one of the internal 
FIFOs requests a DMA transfer, the DDLC negotiates with 
the system host for ownership of the bus. After successful 
negotiation, one DMA request is serviced, and then the bus 
is relinquished. The DDLC has the capability of reading or 
writing data from or to memory. If the memory system is slow, 
the DDLC inserts wait states (user selectable) until the 
memory is ready to complete the access. The DDLC has the 
capability of recovering from system faults such as address 
or bus errors. 
Interrupt Operation 

The DDLC has 27 vectored interrupt sources to inform the 
host of its status. One group of interrupts is normal operation 
interrupts. These inform the host that a particular task was 
completed and that new tasks are desired. Another group is 
bit handler faults, which inform the host that a DDLC channel 
detected a fault from which it cannot recover without 
assistance from the host A third group is the timer and SCP 
interrupts. The last group of interrupts is the system faults. 
These include DMA bus and address errors. The interrupts 
are presented to the host as a vector number in an interrupt 
acknowledge cycle. The interrupts are encoded into the low 
four bits so the DDLC vector space consumes 16 out of 256 
locations. Software can program the base vector number, so 
the DDLC vectors can be located anywhere within the vector 
table. For applications not using vectored interrupts, the 
equivalent vector number is accessible in the Master Status 
register. 

SERIAL INTERFACE 

The serial interface block has a variety of configurations that 
make it compatible with most common interfaces. Each serial 
interface is independent, so two different configurations may 
be active simultaneously. The serial interface has an IDL 
mode, a timeslot mode, and a general purpose modem mode. 
The serial interface supports long frame and short frame 
timing. It also supports subrate multiplexing. The serial mode 
is selected by programming the appropriate bits in the Serial 
Interface Control register. 

A full set of serial interface control and handshake pins are 
provided. The name and functionality change to reflect the 
serial mode of operation. Separate receive and transmit clock 
inputs are provided for all modes except IDL and timeslot 
modes. 



The serial interface also supports transfer of transparent 
data. Depending on which type of serial interface is used, an 
external synchronization signal must be provided to maintain 
byte alignment. In IDL mode, the byte synchronization is 
programmed by the microprocessor. 
SERIAL CONTROL PORT 

A Serial Control Port, similar to the Serial Peripheral 
Interface (SPI) on Motorola single-chip microprocessors, is 
provided to communicate with external devices via a serial 
link. The SCP functions are multiplexed onto other serial pins 
so when the SCP is enabled, certain modem control features 
are lost. Please refer to the MC145488/D Data Book for 
complete details. 
TIMERS 

Two timers are provided for general purpose low-resolution 
protocol uses. The clock to the timer is derived from the 
Master MPU Clock (MCLK). The baud rate generator in the 
SCP block is used to drive the timer divide chain. This clock is 
then divided by 1024 and applied to an eight-bit 
down-counter. The counter is readable and writable by the 
host and may be set to any value. The counter counts down 
toward zero from the current value. A non-maskable interrupt 
is generated when the counter underflows from FF to FE. The 
timers continue counting down after reaching FE. The status 
bit from the previous interrupt must be cleared before a new 
interrupt is generated. The timer function and interrupt are 
enabled by setting the Timer Enable bit in the Timer register 
to one. The timer interrupt status bits must be read while set 
before they can be cleared. The timers are intended for low 
accuracy uses such as protocol timers. Figure 7 describes 
the clock selection choices for the timers. 
Watchdog Timer 

Timer may be configured as a watchdog timer for the entire 
host system. When the Watchdog Enable bit is set, an extra 
divide by 16 is added to the clock input of the counter. When 
the counter underflows from FF to FE, the Reset pin becomes 
an output for 16 MCLK cycles and a logic low is output. This 
provides a system reset to the host. The host can write any 
value (except FE hex) to the Timer register to setup any 
timeout. Time-outs of up to 5.6 seconds are available with a 
12 MHz MCLK. 
POWER CONSUMPTION 

The DDLC is designed utilizing high-performance CMOS 
technology. As as result, average power consumption is very 
low. However, because there are wide address and data 
buses, peak currents may exceed 150 mA for short periods 
of time (less than 20 ns) while the drivers are charging or 
discharging the buses. 

REGISTER SET 

The DDLC has many user accessible registers. These 
registers control the blocks or indicate status. Other registers, 
used by the DMA section, are used as buffer descriptors and 
counters. For a more detailed description, please refer to the 
DDLC data book. The address for each register is the 
hexadecimal offset from the base address of the chip select. 
The registers may be accessed as 8-bit registers or 16-bit 
registers. Table 1 is a map of the registers and their principal 
function. 
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00 
02 
04 
06 
10 
12 
14 

20 
22 
24 
26 
28 
2A 
2C 
2E 
30 
32 
34 
36 
38 
3A 
3C 
3E 
40 
42 
44 
46 
48 
4A 
4C 
4E 
50 
52 
54 
56 
58 
5A 
5C 
5E 



SYSTEM CONTROL 



MASTER STATUS 



INTERRUPT ENABLE 



DATA BUS SIZE SELECT 



SCP REGISTER 



CHO TIMER 



CH 1 TIMER 



CHANNEL SERIAL INTERFACE CONTROL 



CHANNEL OTx CONTROL 



CHANNEL ORx CONTROL 



CHANNEL OTx STATUS 



CHANNEL ORx STATUS 



CHANNEL ADDRESS COMPARE 



CHANNEL ADDRESS WILDCARD BITS 



CHANNEL CRC ERROR COUNT 



CHANNEL Tx FRAME LENGTH 



CHANNEL Tx BASE ADDRESS 



CHANNEL OTx BYTE COUNT 



CHANNEL ORx BUFFER LENGTH 



CHANNEL Rx BUFFER A BASE ADDRESS 



CHANNEL Rx BUFFER A BYTE COUNT 



CHANNEL Rx BUFFER B BASE ADDRESS 



CHANNEL Rx BUFFER B BYTE COUNT 



CHANNEL 1 SERIAL INTERFACE CONTROL 



CHANNEL ITx CONTROL 



CHANNEL 1Rx CONTROL 



CHANNEL 1 Tx STATUS 



CHANNEL IRx STATUS 



CHANNEL 1 ADDRESS COMPARE 



CHANNEL 1 ADDRESS WILDCARD BITS 



CHANNEL 1 CRC ERROR COUNT 



CHANNEL 1 Tx FRAME LENGTH 



CHANNEL 1 Tx BASE ADDRESS 



CHANNEL 1 Tx BYTE COUNT 



CHANNEL 1 Rx BUFFER LENGTH 



CHANNEL 1 Rx BUFFER A BASE ADDRESS 



CHANNEL 1 Rx BUFFER A BYTE COUNT 



CHANNEL 1 Rx BUFFER B BASE ADDRESS 



CHANNEL 1 Rx BUFFER B BYTE COUNT 



Table 1. Register Memory Map 
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Figure 7. Receive DMA State Diagram 
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MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Advance Information 
PCM Codec-Filter 
Mono-Circuit 

The MC145500, MC145501, MC145502, MC145503, and MC145505 are all 
per channel PCM codec-filter mono-circuits. These devices perform the voice 
digitization and reconstruction as well as the band limiting and smoothing 
required for PCM systems. The MC1 45500 and MC1 45503 are general purpose 
devices that are offered in a 1 6-pin package. They are designed to operate in 
both synchronous and asynchronous applications and contain an on chip 
precision reference voltage. The MC1 45501 is offered in an 18-pin package and 
adds the capability of selecting from three peak overload voltages (2.5, 3.15, and 
3.78 V). The MC1 45505 is a synchronous device offered in a 16-pin DIP and 
wide body SOIC package intended for instrument use. The MCI 45502 is the 
full-featured device which presents all of the options of the chip. This device is 
packaged in a 22-pin DIP and a 28-pin chip carrier package and contains all the 
features of the MCI 45500 and MC1 45501 plus several more. Most of these 
features can be made available in a lower pin count package tailored to a specific 
user's application. Contact the factory for further details. 

These devices are pin-for-pin replacements for Motorola's first generation of 
MCI 4400/01/02/03/05 PCM mono-circuits and upwardly compatible with the 
MCI 4404/06/07 codecs and other industry standard codecs. They also maintain 
compatibility with Motorola's family of MC33120 and MC3419 SLIC products. 

The MCI 45500 family of PCM codec-filter mono-circuits utilizes CMOS due 
to its reliable low-power performance and proven capability for complex analog/ 
digital VLSI functions. 

MC1 45500 

• 16-Pin Package 

• Transmit Bandpass and Receive Low-Pass Filter on Chip 

• Pin Selectable Mu/A Law Companding with Corresponding Data Format 

• On Chip Precision Reference Voltage (3.15 V) 

• Power Dissipation of 50 mW, Power Down of 0.1 mW at ± 5 V 

• Automatic Prescaler Accepts 128 kHz, 1 .536, 1 .544, 2.048, and 2.56 MHz for 
Internal Sequencing 

MC1 45501 — All of the Above Plus: 

• 18-Pin Package 

• Selectable Peak Overload Voltages (2.5, 3.15, 3.78 V) 

• Access to the Inverting Input of the Txl Input Operational Amplifier 
MCI 45502 — All of the Above Plus: 

• 22-Pin and 28-Pin Packages 

• Variable Data Clock Rates (64 kHz to 4.1 MHz) 

• Complete Access to the Three Terminal Transmit Input Operational Amplifier 

• An External Precision Reference May Be Used 

MC1 45503 — All of the Above Features of the MCI 45500 Plus: 

• 16-Pin Package 

• Complete Access to the Three Terminal Transmit Input Operational Amplifier 
MC1 45505 — Same as MCI 45503 Except: 

• 16-Pin Package 

• Common 64 kHz to 4.1 MHz Transmit/Receive Data Clock 
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This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MC145500/01/02/03/05 PCM CODEC/FILTER MONO-CIRCUIT BLOCK DIAGRAM 
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PIN ASSIGNMENTS 

(Drawings Do Not Reflect Relative Size) 
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ABSOLUTE MAXIMUM RATINGS (Voltage Referenced to Vss) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd-vss 


-0.5 to 13 


V 


Voltage, Any Pin to Vss 


V 


-0.5toVDD + 0.5 


V 


DC Drain Per Pin (Excluding Vdq, Vss) 


1 


10 


mA 


Operating Temperature Range 


Ta 


- 40 to + 85 


°C 


Storage Temperature Range 


Tstg 


-85 to +150 


°C 



RECOMMENDED OPERATING CONDITIONS (Ta = - 40 to + 85°C) 



This device contains circuitry to pro- 
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that nornfial precautions be tak- 
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vjn 
and Vout be constrained to the range 
VsS^(VinorVout)^VDD. 

Unused Inputs must always be tied to 
an appropriate logic voltage level (e.g., 
Vss. VdD. Vls. or Vag)- 



Characteristic 


Min 


Typ 


Max 


Unit 


DC Supply Voltage 
Dual Supplies: VpD = - Vss, (VaG = Vls = V) 
Single Supply: VpD to Vss (VaG 's an Output, Vls = Vdd or Vss) 
MCI 45500, MCI 45501, MCI 45502, MCI 45503, MC1 45505 (Using Internal 
3.15 V Reference) 

MCI 45501, MC1 45502 Using Internal 2.5 V Reference 
MCI 45501 , MC1 45502 Using Internal 3.78 V Reference 
MCI 45502 Using External 1.5 V Reference, Referenced to Vag 


4.75 

8.5 

7.0 
9.5 
4.75 


5.0 


6.3 

12.6 

12.6 
12.6 
12.6 


V 


Power Dissipation 
CMOS Logic Mode (Vdd to Vss = 1 V, Vls = Vdd) 
TTL Logic Mode (Vqd = + 5 V, Vss = - 5 V, Vls = Vag = V) 


- 


40 
50 


70 
90 


mW 


Power Down Dissipation 


-' 


0.1 


1.0 


mW 


Frame Rate Transmit and Receive 


7.5 


8.0 


8.5 


kHz 


Data Rate 
MCI 45500, MCI 45501 , MC1 45503 
Must Use One of These Frequencies, Relative to MSI Frequency of 8 kHz 


- 


128 
1536 
1544 
2048 
2560 


- 


kHz 


Data Rate for MCI 45502, MCI 45505 


64 


- 


4096 


kHz 


Full Scale Analog Input and Output Level 

MCI 45500, MCI 45503, MCI 45505 

MC145501,MC145502 (Vref = Vss) RSI=Vdd 

RSI=Vss 
RSI=Vag 

MCI 45502 Using an Extemal Reference Voltage Applied at Vref Pi" RSI=Vdd 

RSI=Vss 
RSI=Vag 


- 


3.15 

3.78 

3.15 

2.5 
1.51 X Vref 
1.26 X Vref 

Vref 


- 


Vp 



DIGITAL LEVELS (Vss to Vdd = 4.75 V to 12.6 V, Ta = - 40 to + 85°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input Voltage Levels (TDE, TDC, RCE, RDC, RDD, DC, MSI, CCI, PDI) 
CMOS Mode (Vls = Vdd, Vss is Digital Ground) "0" 

"1" 

TTL Mode (Vls ^ Vdd - 4.0 V, Vls "S Digital Ground) "0" 

"1" 


V|L 
V|H 
V|L 
V|H 


0.7 X Vdd 

Vls + 2.0 V 


0.3 X Vdd 
Vls + 0.8 V 


V 


Output Current for TDD (Transmit Digital Data) 
CMOS Mode (Vls = Vdd. Vss = V and is Digital Ground) 

(Vdd = 5 V. Vout = 0.4 V) 

(Vdd = 10 V, Vout = 0.5 V) 

(Vdd = 5 V, Vout = 4.5 V) 

(Vdd = 10 V, Vout = 9.5 V) 

TTL Mode (Vls ^ Vdd " 4.75 V, Vls = V and is Digital Ground) (Vql = 0.4 V) 

(VoH = 2.4V) 


lOL 

lOH 

lOL 
lOH 


1.0 
3.0 
-1.0 
-3.0 
1.6 
-0.2 


- 


mA 
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ANALOG TRANSMISSION PERFORMANCE 

(Vdd = + 5 V ± 5%, Vss = -5 V ±5%, Vls = Vag = V, Vref = RSI = Vss (Internal 3.15 V Reference), dBmO = 1 .546 Vrms = + 6 dBm @ 
600 Q, Ta = - 40 to + 85°C, TDC = RDC = CC = 2.048 MHzl, TDE = RGB = MSI = 8 kHz, Unless Othenwise Noted) 



Characteristic 


End-to-End 


A/D 


D/A 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Absolute Gain (0 dBmO @ 1 .02 kHz, Ta = 25°C, Vdd = 5 V, Vss = "5 V) 


- 


- 


-0.30 


+ 0.30 


-0.30 


+ 0.30 


dB 


Absolute Gain Variation witli Temperature to + 70°C 


— 


- 


- 


±0.03 


- 


±0.03 


dB 


Absolute Gain Variation with Temperature - 40 to + 85°C 


— 


— 


— 


±0.1 


— 


±0.1 


dB 


Absolute Gain Variation with Power Supply (Vdd = 5 V, Vss = -5 V, 5%) 


— 


— 


— 


±0.02 


— 


±0.02 


dB 


Gain vs Level Tone (Relative to - 1 dBmO, 1 .02 kHz) + 3 to - 40 dBmO 

- 40 to - 50 dBmO 

- 50 to - 55 dBmO 


-0.4 
-0.8 
-1.6 


+ 0.4 
+ 0.8 
+ 1.6 


-0.2 
-0.4 
-0.8 


+ 0.2 
+ 0.4 
+ 0.8 


-0.2 
-0.4 
-0.8 


+ 0.2 
+ 0.4 
+ 0.8 


dB 


Gain vs Level Pseudo Noise (A-Law Relative to - 10 dBmO) 
CCITTG.714 -10to-40dBmO 

- 40 to - 50 dBmO 
-50to-55dBmO 


- 


- 


-0.25 
-0.30 
-0.45 


+ 0.25 
+ 0.30 
+ 0.45 


-0.25 
-0.30 
-0.45 


+ 0.25 
+ 0.30 
+ 0.45 


dB 


Total Distortion - 1 .02 kHz Tone (C-Message) to - 30 dBmO 

-40dBmO 
-45dBmO 


35 
29 
24 


- 


36 
29 
24 


- 


36 
30 
25 


- 


dBC 


Total Distortion With Pseudo Noise (A-Law) - 3 dBmO 
CCITTG.714 -6to-27dBmO 

- 34 dBmO 

- 40 dBmO 
-55dBmO 


27.5 
35 
33.1 
28.2 
13.2 


- 


28 
35.5 
33.5 
28.5 
13.5 


- 


28.5 
36 
34.2 
30.0 
15.0 


- 


dB 


Idle Channel Noise (For End-End and A/D, See Note 1) 

Mu-Law, C-Message Weighted 
A-Law, Psophometric Weighted 


- 


15 
-69 


- 


15 
-69 


- 


9 
-78 


dBrnCO 
dBmOp 


Frequency Response (Relative to 1 .02 kHz @ dBmO) 15 to 60 Hz 

300 to 3000 Hz 

3400 Hz 

4000 Hz 

> 4600 Hz 


-0.3 
-1.6 


-23 
+ 0.3 


-28 
-60 


-0.15 
-0.8 


-23 
+ 0.15 


-14 
-32 


-0.15 
-0.8 


0.15 
+ 0.15 


-14 
-30 


dB 


Inband Spurious (1 .02 kHz @ dBmO, Transmit and RxO) 

300 to 3000 Hz 


— 


— 


— 


-43 


— 


-43 


dBmO 


Out-of-Band Spurious at RxO (300 - 3400 Hz @ dBmO In) 

4600 to 7600 Hz 

7600 to 8400 Hz 

8400 to 100,000 Hz 


- 


-30 
-40 
-30 


- 


- 


- 


-30 
-40 
-30 


dB 


Idle Channel Noise Selective @ 8 kHz, Input = Vag. 30 Hz Bandwidth 


- 


-70 


- 


- 


- 


-70 


dBmO 


Absolute Delay @ 1600 Hz (TDC = 2.048 MHz, TDE = 8 kHz) 


— 


- 


- 


310 


- 


180 


^is 


Group Delay Referenced to 1600 Hz (TDC = 2048 kHz, 
TDE = 8 kHz) 500 to 600 Hz 

600 to 800 Hz 
800 to 1000 Hz 
1000 to 1600 Hz 
1600 to 2600 Hz 
2600 to 2800 Hz 
2800 to 3000 Hz 


- 


- 


- 


200 
140 
70 
40 
75 
110 
170 


-40 
-40 
-30 
-20 


90 
120 
160 


JiS 


Crosstalk of 1020 Hz @ dBmO From A/D or D/A (Note 2) 


- 


- 


- 


-75 


- 


-80 


dB 


Intermodulation Distortion of Two Frequencies of Amplitudes - 4 to 
- 21 dBmO from the Range 300 to 3400 Hz 


— 


— 


— 


-41 


— 


-41 


dB 



NOTES: 

1 . Extrapolated from a 1 020 Hz @ - 50 dBmO distortion measurement to correct for encoder enhancement. 

2. Selectively measured while the AID is stimulated with 2667 Hz @ - 50 dBmO. 
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ANALOG ELECTRICAL CHARACTERISTICS (Vdd = - Vss = 5 V to 6 V ± 5%, Ta = - 40 to + 85°C) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Input Current +Tx, -Tx(Txl for MC1 45500) 


lin 


- 


±0.01 


±0.2 


^A 


AC Input Impedance to Vag (1 kHz) +Tx, -Tx 

Txl for MC1 45500 


Zin 


5 
0.1 


10 
0.2 


— 


MQ 


Input Capacitance +Tx, -Tx 




- 


— 


10 


PF 


Input Offset Voltage of Txl Op Amp 




— 


<± 30 


— 


mV 


Input Common Mode Voltage Range +Tx, -Tx 


VjCR 


Vss + 1-0 


- 


Vdd -2.0 


V 


Input Common Mode Rejection Ratio +Tx, -Tx 


CMRR 


- 


70 


- 


dB 


Txl Unity Gain Bandwidth Rl > 1 kn 


BWp 


- 


1000 


- 


kHz 


Txl Open Loop Gain Rl > 1 kfl 


AVOL 


- 


75 


- 


dB 


Equivalent Input Noise (C-Message) Between +Tx and -Tx, at Txl 




- 


-20 


- 


dBrnCO 


Output Load Capacitance for Txl Op Amp 







- 


100 


pF 


Output Voltage Range Txl Op Amp, RxO or RxO 
RL=10kfitoVAG 
RL = 600ntoVAG 


Vout 


Vss + 0.8 
Vss + 1-5 


- 


Vdd-1-0 
Vdd -1.5 


V 


Output Current Txl, RxO, RxO Vss + 1 -5 V < Vout ^ VpD - 1 .5 V 




±5.5 


— 


— 


mA 


Output Impedance RxO, RxO* to 3.4 kHz 


Zout 


— 


3 


— 


n 


Output Load Capacitance for RxO and RxO* 







- 


200 


pF 


Output dc Offset Voltage Referenced to Vag P'" R^O 

RxO* 




— 


— 


±100 
±150 


mV 


Internal Gainsetting Resistors for RxG to RxO and RxO 




62 


100 


225 


kQ 


External Reference Voltage Applied to Vpef (Referenced to Vag) 




0.5 


— 


Vdd-1-0 


V 


Vref Input Current 




— 


— 


20 


hA 


Vag Output Bias Voltage 




— 


0.53 Vdd + 

0.47 Vss 


— 


V 


Vag Output Current Source 

Sink 


'VAG 


0.4 
10.0 


— 


0.8 


mA 


Output Leakage Current During Power Down for the Txl Op Amp, Vag. 
RxO, and RxO 




— 


— 


±30 


^lA 


Positive Power Supply Rejection Ratio, Transmit 
0-100 kHz @ 250 mV, C-Message Weighting Receive 




45 
55 


50 
65 


— 


dBC 


Negative Power Supply Rejection Ratio, Transmit 
0-1 00 kHz @ 250 mV, C-Message Weighting Receive 




50 
50 


55 
60 


— 


dBC 



*Assumes that RxG is not connected for gainmodifications to RxO. 
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MODE CONTROL LOGIC (Vss to Vdd = 4.75 V to 1 2.6 V, Ta = - 40 to + 85°C) 



Characteristic 


Min 


Typ 


Max 


Unit 


Vls Voltage for TTL Mode (TTL Logic Levels Referenced to Vls) 


Vss 


— 


Vdd -4.0 


V 


Vls Voltage for CMOS Mode (CMOS Logic Levels of Vss to Vdd) 


Vdd-0.5 


— 


Vdd 


V 


Mu/A Select Voltage 
Mu-Law Mode 
Sign Magnitude Mode 
A-Law Mode 


Vdd-0.5 

Vag -0.5 

Vss 


- 


Vdd 
Vag + 0.5 

Vss + 0.5 


V 


RSI Voltage for Reference Select Input (MC1 45501 and MCI 45502) 3.78 V Mode 

2.5 V Mode 
3.15 V Mode 


Vdd-0.5 

Vag -0.5 

Vss 


E 


Vdd 
Vag + 0.5 

Vss + 0.5 


V 


Vref Voltage for Internal or External Reference (MC1 45502 Only) 

Internal Reference Mode 
External Reference Mode 


Vss 
Vag + 0.5 


- 


Vss + 0.5 

Vdd -1-0 


V 


Analog Test Mode Frequency, MS = CCI (MCI 45500, MC1 45501 , MC1 45502 Only) 
See Pin Description; Test Modes 


— 


128 


— 


kHz 



SWITCHING CHARACTERISTICS (Vss to Vdd = 9.5 V to 12.6 V, Ta 


= - 40 to + 85°C, Cl = 150 pF, CMOS or TTL Mode) 




Characteristic 


Symbol 


IVIin 


Typ 


Max 


Unit 


Output Rise Time TDD 
Output Fall Time 


tTLH 
tTHL 


— 


30 
30 


80 
80 


ns 


Input Rise Time TDE, TDC, RCE, RDC, DC, MSI, CCI 
Input Fall Time 


tjLH 
tjHL 


_ 


— 


4 
4 


^is 


Pulse Width TDE Low, TDC, RCE, RDC, DC, MSI, CCI 


tw 


100 


- 


- 


ns 


DCLK Pulse Frequency (MCI 45502/05 ONLY) TDC, RDC, DC 


fCL 


64 


- 


4096 


kHz 


CCI Clock Pulse Frequency (MSI = 8 kHz) 
CCI is internally tied to TDC on the MC145500/01/03, therefore, the 
transmit data clock must be one of these frequencies. This pin will ac- 
cept one of these discrete clock frequencies and will 
compensate to produce internal sequencing. 


fCLI 
fCL2 
fCL3 
fCL4 
fCL5 


- 


128 
1536 
1544 
2048 
2560 


- 


kHz 


Propagation Delay Time 
TDE Rising to TDD Low Impedance TTL 

CMOS 
TDE Falling to TDD High Impedance TTL 

CMOS 
TDC Rising Edge to TDD Data, During TDE High TTL 

CMOS 
TDE Rising Edge to TDD Data, During TDC High TTL 

CMOS 


tpi 
tp2 
tP3 
tp4 


- 


90 
90 

90 
90 
90 
90 


180 
150 
55 
40 
180 
150 
180 
150 


ns 


TDC Falling Edge to TDE Rising Edge Setup Time 


tsul 


20 


- 


- 


ns 


TDE Rising Edge to TDC Falling Edge Setup Time 


tsu2 


100 


- 


- 


ns 


TDE Falling Edge to TDC Rising Edge to Preserve the Next TDD Data 


tsu8 


20 


- 


- 


ns 


RDC Falling Edge to RCE Rising Edge Setup Time 


tsu3 


20 


- 


- 


ns 


RCE Rising Edge to RDC Falling Edge Setup Time 


tsu4 


100 


- 


— 


ns 


RDD Valid to RDC Falling Edge Setup Time 


tsu5 


60 


- 


— 


ns 


CCI Falling Edge to MSI Rising Edge Setup Time 


tsu6 


20 


- 


- 


ns 


MSI Rising Edge to CCI Falling Edge Setup Time 


tsu7 


100 


- 


- 


ns 


RDD Hold Time from RDC Falling Edge 


th 


100 


- 


- 


ns 


TDE, TDC, RCE, RDC, RDD, DC, MSI, CCI Input Capacitance 




- 


- 


10 


pF 


TDE,TDC, RCE, RDC, RDD, DC, MSI, CCI Input Current 




- 


±0.01 


±10 


^A 


TDD Capacitance During High Impedance (TDE Low) 




- 


12 


15 


pF 


TDD Input Current During High Impedance (TDE Low) 




— 


±0.1 


±10.0 


^A 
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DEVICE DESCRIPTIONS 

A codec-filter is a device which is used for digitizing and 
reconstructing the human voice. These devices were 
developed primarily for the telephone network to facilitate 
voice switching and transmission. Once the voice is digitized, 
it may be switched by digital switching methods or transmitted 
long distance (T1, microwave, satellites, etc.) without 
degradation. The name codec is an acronym from "Coder" 
for the A/D used to digitize voice, and "Decoder" for the D/A 
used for reconstructing voice. A codec is a single device that 
does both the A/D and D/A conversions. 

To digitize intelligible voice requires a signal to distortion 
of about 30 dB for a dynamic range of about 40 dB. This may 
be accomplished with a linear 13-bit A/D and D/A, but will far 
exceed the required signal to distortion at amplitudes greater 
than 40 dB below the peak amplitude. This excess 
performance is at the expense of data per sample. Two 
methods of data reduction are implemented by compressing 
the 1 3-bit linear scheme to companded 8-bit schemes. These 
companding schemes follow a segmented or "piecewlse-lin- 
ear" curve formatted as sign bit, three chord bits, and four step 
bits. For a given chord, all 16 of the steps have the same 
voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits which increment. With the chord bits incremented, 
the step bits double their voltage weighting. This results in an 
effective resolution of 6-bits (sign + chord + four step bits) 
across a 42 dB dynamic range (7 chords above zero, by 6 
dB per chord). There are two companding schemes used; 
Mu-255 Law specifically in North America, and A-Law 
specifically in Europe. These companding schemes are 
accepted world wide. The tables show the linear quantization 
levels to PCM words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal. It must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the Inband signal. The telephone line is also subject to 50/60 
Hz power line coupling which must be attenuated from the 
signal by a high-pass filter before the A/D converter. 

The D/A process reconstructs a staircase version of the 
desired inband signal which has spectral images of the inband 
signal modulated about the sample frequency and its 
harmonics. These spectral images are called aliasing 
components which need to be attenuated to obtain the desired 
signal. The low-pass filter used to attenuate filter aliasing 
components is typically called a reconstruction or smoothing 
filter. 

The MCI 45500 series PCM codec-filters have the codec, 
both presampling and reconstruction filters, a precision 
voltage reference on chip, and require no external compo- 
nents. There are five distinct versions of the Motorola 
MCI 45500 Series. 

MC1 45500 

The MCI 45500 PCM codec-filter is Intended for standard 
byte interleaved synchronous and asynchronous applica- 
tions. The TDC pin on this device is the input to both the TDC 
and CCI functions in the pin description. Consequently, for 
MSI = 8 kHz, TDC can be one of five discrete frequencies. 



These are 1 28 kHz (40 to 60% duty cycle) 1 .536, 1 .544, 2.048, 
or 2.56 MHz. (For other data clock frequencies see MCI 45502 
or MCI 45505.) The internal reference is set for 3.15 V peak 
full scale, and the full scale input level at Txl and output level 
at RxO is 6.3 V peak-to-peak. This is the + 3 dBmO level of 
the PCM codec-filter. All other functions are described in the 
pin description. 
MCI 45501 

The MCI 45501 PCM codec-filter offers the same features 
and is for the same application as the MCI 45500, but offers 
two additional pins and features. The reference select input 
allows the full scale level of the device to be set at 2.5 Vp, 
3.15 Vp, or 3.78 Vp. The -Tx pin allows for external transmit 
gain adjust and simplifies the Interface to the MC3419 SLIC. 
Othen/vise, it is identical to MCI 45500. 
MC1 45502 

The MCI 45502 PCM codec-filter is the full feature 22-pin 
device. It is intended for use in applications requiring maximum 
flexibility. The MCI 45502 contains all the features of the 
MCI 45500 and MCI 45501. The MCI 45502 is intended for 
bit interleaved or byte interleaved applications with data clock 
frequencies which are nonstandard or time varying. One of 
the five standard frequencies (listed above) is applied to the 
CCI input, and the data clock inputs can be any frequency 
between 64 kHz and 4.096 MHz. The Vref pin allows for use 
of an external shared reference or selection of the internal 
reference. The RxG pin accommodates gain adjustments for 
the inverted analog output. All three pins of the input 
gain-setting operational amplifier are present, providing 
maximum flexibility for the analog interface. 

MC1 45503 

The MCI 45503 PCM codec-filter Is intended for standard 
byte interleaved synchronous or asynchronous applications. 
TDC can be one of five discrete frequencies. These are 1 28 
kHz (40 to 60% duty cycle), 1 .536, 1 .544, 2.048, or 2.56 MHz. 
(For other data clock frequencies see MCI 45502 or 
MCI 45505.) The internal reference Is set for 3.15 V peak full 
scale, and the full scale input level at Txl and output level at 
RxO is 6.3 V peak-to-peak. This is the + 3 dBmO level of the 
PCM codec-filter. The +Tx and -Tx inputs provide maximum 
flexibility for analog interface. All otherfunctions are described 
in the pin description. 
MCI 45505 

The MCI 45505 PCM codec-filter is Intended for byte 
interleaved synchronous applications. The MCI 45505 has all 
the features of the MCI 45503 but internally connects TDC 
and RDC (see pin description) to the DC pin. One of the five 
standard frequencies (listed above) should be applied to CCI. 
The data clock input (DC) can be any frequency between 64 
kHz and 4.096 MHz. 

PIN DESCRIPTIONS 
DIGITAL 

vls 

Logic Level Select Input and TTL Digital Ground 

Vls controls the logic levels and digital ground reference 
for all digital inputs and the digital output. These devices can 
operate with logic levels from full supply (Vss to VpD) or 
with TTL logic levels using Vls ^s digital ground. For Vls = 
Vdd. a" I/O is full supply (Vss to Vqd swing) with CMOS switch 
points. For Vss < Vls < (Vdd - 4 V), all inputs and 
outputs are TTL compatible with Vls being the digital ground. 
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The pins controlled by Vls are inputs MSI, CCI, TDE, TDC, 
RCE, RDC, RDD, PDI, and output TDD. 

MSI 

Master Synchronization Input 

MSI is used for determining the sample rate of the transmit 
side and as a time base for selecting the internal prescale 
dividerforthe convert clock input (CCI) pin. The MSI pin should 
be tied to an 8 kHz clock which may be a frame sync or system 
sync signal. MSI has no relation to transmit or receive data 
timing, except for determining the internal transmit strobe as 
described under the TDE pin description. MSI should be 
derived from the transmit timing in asynchronous applications. 
In many applications MSI can be tied to TDE. (MSI is tied 
internally to TDE in MC1 45503/05.) 

CCI 

Convert Clock Input 

CCI is designed to accept five discrete clock frequencies. 
These are 128 kHz, 1.536 MHz, 1.544 MHz, 2.048 MHz, or 
2.56 MHz. The frequency at this input is compared with MSI 
and prescale divided to produce the internal sequencing clock 
at 128 kHz (or 16 times the sampling rate). The duty cycle 
of CCI is dictated by the minimum pulse width except for 
128 kHz, which is used directly for internal sequencing and 
must have a 40 to 60% duty cycle. In asynchronous 
applications, CCI should be derived from transmit timing. (CCI 
is tied Internally to TDC in MCI 45500/01/03.) 

TDC 

Transmit Data Clock Input 

TDC can be any frequency from 64 kHz to 4.096 MHz, and 
is often tied to CCI if the data rate is equal to one of the five 
discrete frequencies. This clock is the shift clock for the 
transmit shift register and its rising edges produce successive 
data bits at TDD. TDE should be derived from this clock. (TDC 
and RDC are tied together internally in the MC1 45505 and 
are called DC.) CCI is internally tied to TDC on the MCI 45500/ 
01/03. Therefore, TDC must satisfy CCI timing requirements 
also. 

TDE 

Transmit Data Enable Input 

TDE serves three major functions. The first TDE rising edge 
following an MSI rising edge generates the internal transmit 
strobe which initiates an A/D conversion. The internal transmit 
strobe also transfers a new PCM data word into the transmit 
shift register (sign bit first) ready to be output at TDD. The 
TDE pin is the high impedance control for the transmit digital 
data (TDD) output. As long as this pin is high, the TDD output 
stays low impedance. This pin also enables the output shift 
register for clocking out the 8-bit serial PCM word. The logical 
AND of the TDE pin with the TDC pin clocks out a new data 
bit at TDD. TDE should be held high for eight consecutive TDC 
cycles to clock out a complete PCM word for byte Interleaved 
applications. The transmit shift register feeds back on itself 
to allow multiple reads of the transmit data . If the PCM word 
is clocked out once per frame in a byte interleaved system, 
the MSI pin function is transparent and may be connected to 
TDE. 

The TDE pin may be cycled during a PCM word for bit 
interleaved applications. TDE controls both the high imped- 
ance state of the TDD output and the internal shift clock. TDE 
must fall before TDC rises (tsuS) to ensure integrity of the next 
data bit. There must be at least two TDC falling edges between 
the last TDE rising edge of one frame and the first TDE rising 



edge of the next frame. MSI must be available separate from 
TDE for bit interleaved applications. 

TDD 

Transmit Digital Data Output 

The output levels at this pin are controlled by the Vls 
pin. For Vls connected to VpD. the output levels are from 
Vss to Vdd- Por a voltage of Vls between Vqd - 4 V and 
Vss. the output levels are TTL compatible with Vls being 
the digital ground supply. The TDD pin is a three-state output 
controlled by the TDE pin. The timing of this pin is controlled 
by TDC and TDE. When in TTL mode, this output may be made 
high-speed CMOS compatible using a pull-up resistor. The 
data format (Mu-Law, A-Law, or sign magnitude) is controlled 
by the Mu/A pin. 
RDC 
Receive Data Clock Input 

RDC can be any frequency from 64 kHz to 4.096 MHz. This 
pin is often tied to the TDC pin for applications that can use 
a common clock for both transmit and receive data transfers. 
The receive shift register is controlled by the receive clock 
enable (RCE) pin to clock data into the receive digital data 
(RDD) pin on falling RDC edges. These three signals can be 
asynchronous with all other digital pins. The RDC input Is 
internally tied to the TDC input on the MCI 45505 and called 
DC. 
RCE 
Receive Clock Enable Input 

The rising edge of RCE should identify the sign bit of a 
receive PCM word on RDD. The next falling edge of RDC, 
after a rising RCE, loads the first bit of the PCM word into the 
receive register. The next seven falling edges enter the re- 
mainder of the PCM word. On the ninth rising edge, the receive 
PCM word is transferred to the receive buffer register and the 
A/D sequence is interrupted to commence the decode pro- 
cess. In asynchronous applications with an 8 kHz transmit 
sample rate, the receive sample rate should t>e between 7.5 
and 8.5 kHz. Two receive PCM words may be decoded and 
analog summed each transmit frame to allow on chip confer- 
encing. The two PCM words should be clocked In as two single 
PCM words, a minimum of 31 .25 |is apart, with a receive data 
clock of 512 kHz or faster. 

RDD 

Receive Digital Data Input 

RDD is the receive digital data Input. The timing for this pin 
is controlled by RDC and RCE. The data format is determined 
by the Mu/A pin. 

Mu/A 
Select 

This pin selects the companding law and the data format 
at TDD and RDD. 
Mu/A = Vdd; Mu255 Companding D3 Data Format with 
Zero Code Suppress 

Mu/A = Vagi Mu255 Companding with Sign Magnitude 
Data Format 

Mu/A = Vssi A-law Companding with CCITT Data Format 
Bit Inversions 





SIGN/ 




A-LAW 


CODE 


MAGNITUDE 


Mu-LAW 


(CCITT) 


+ FULL SCALE 


1111 1111 


1000 0000 


1010 1010 


+ ZERO 


1000 0000 


1111 1111 


1101 0101 


-ZERO 


0000 0000 


0111 1111 


0101 0101 


-FULL SCALE 


0111 1111 


0000 0010 


0010 1010 
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SIGN 
BIT 


CHORD BITS 




STEP BITS 

















1 2 3 


4 


5 


6 


7 



NOTE: Starting from sign magnitude, to change format: 
To Mu-Law — 

MSB is unchanged (sign) 

Invert remaining seven bits 

if code is 0000 0000, change to 0000 0010 (for zero 
code suppression) 
To A-Law — 

MSB is unchanged (sign) 

Invert odd numbered bits 

Ignore zero code suppression 

PDF 

Power Down Input 

The power down input disables the bias circ uitry a nd gates 
off all clock inputs. This puts the Vaq. TxI, RxO, RxO, and TDD 
outputs into a high-imped ance state. The power dissipation 
is reduced to 0.1 mWwhenPDl is a low logic level. The circuit 
operates normally with PDI = Vdd or with a logic high as 
defined by connection at Vls- TDD will not come out of high 
impedance for two MSI cycles after PDI goes high. 

DCLK 

Data Clock Input 

In the MC1 45505, TDC and RDC are internally connected 
to DCLK. 

ANALOG 

vag 

Analog Ground input/Output Pin 

Vag 's the analog ground power supply input/output. All 
analog signals into and out of the device use this as their 
ground reference. Each version of the MCI 45500 PCM 
codec-filter family can provide Its own analog ground supply 
internally. The dc voltage of this internal supply is 6% positive 
of the midway between Vqd and Vss- This supply can sink 
more than 8 mA but has a current source limited to 400 |iA. 
The output of this supply is internally connected to the analog 
ground input of the part. The node where this supply and the 
analog ground are connected is brought out to the Vag P'r>. 
In symmetric dual supply systems (±5, ±6, etc.), Vag "^ay be 
extern ally tie d to the system analog ground supply. When 
RxO or RxO drive low impedance loads tied to Vag. a pull-up 
resistor to Vdd will be required to boost the source current 
capability if Vag 's not tied to the supply ground. All analog 
signals for the part are referenced to Vag. including noise; 
therefore, decoupling capacitors (0.1 ^F) should be used 

from Vdd to Vag anci Vss to Vag- 

Vref 

Positive Voltage Reference Input (MC1 45502 Only) 

The Vref pin allows an external reference voltage to be 
used for the A/D and D/A conversions. If V^f is tied to Vss. 
the internal reference is selected. If V^ef > Vag. then the 
external mode is selected and the voltage applied to Vref 's 
used for generating the internal converter reference voltage. 
In either internal or external reference mode, the actual 
voltage used for conversion is multiplied by the ratio selected 
by the RSI pin. The RSI pin circuitry is explained under its 
pin description below. Both the internal and external 
references are inverted within the PCM codec-filter for 



negative input voltages such that only one reference is 
required. 

External Mode — In the external reference mode (Vref > 
Vag). a 2.5 V reference like the MCI 403 may be connected 
from Vref to Vag- A single external reference may be shared 
by tying together a number of Vref P'ns and Vag P'ns from 
different codec-filters. In special applications, the external ref- 
erence voltage may be between 0.5 and 5 V. However, the 
reference voltage gain selection circuitry associated with RSI 
must be considered to arrive at the desired codec-filter gain. 

Internal Mode — In the internal reference mode (Vref = 
Vss). an Internal 2.5 V reference supplies the reference 
voltage for the RSI circuitry. The Vref P'" 's functionally 
connectedtoVssfortheMC145500, MCI 45501, MCI 45503, 
and MCI 45505 pinouts. 

RSI 

Reference Select Input (MC1 45501/02 Only) 

The RSI input allows the selection of three different overload 
or full scale A/D and D/A converter reference voltages inde- 
pendent of the internal or external reference mode. The RSI 
pin is a digital input that senses three different logic states: 
Vss. Vag. and Vdd- For RSI = Vag. the reference voltage is 
used directly fortheconverters. The internal reference is 2.5 V. 
For RSI = Vss. the reference voltage is multiplied by 
the ratio of 1 .26, which results in an internal converter refer- 
ence of 3.15 V. For RSI = Vdd. the reference voltage is 
multiplied by 1 .51 , which results in an internal converter refer- 
ence of 3.78 V. The device requires a minimum of 1 .0 V of 
headroom between the internal converter reference to Vdd- 
Vss has this same absolute valued minimum, also measured 
from Vag pin- The various modes of operation are summarized 
in Table 2. The RSI pin is functionally connected to Vss tor 
the MC1 45500, MCI 45503, and MCI 45505 pinouts. 

RxO, RxO 

Receive Analog Outputs 

These two complimentary outputs are generated from the 
output of the receive filter. They are equal in magnitude and 
out of phase. The maximum signal output of each is equal 
to the maximum peak-to-peak signal described with the 
reference. If a 3.15 V reference is used with RSI tied to Vag 
and a + 3 dBmO sine wave is dec oded, the RxO output will 
be a 6.3 V peak-to-peak signal. RxO will also have an 
inverted signal output of 6.3 V pe ak-to -peak. External loads 
may be connected from RxO to RxO for a 6 dB push-pull 
signal gain or from either RxO or RxO to Vag- With a 3.15 
V reference each output will drive 600 Q to + 9 dBm. With 
RSI tied to Vdd. each output will drive 900 Q to + 9 dBm. 

RxG 

Receive Output Gain Adjust (MCI 45502 Only) 

The purpose o f the RxG pin is to allow external gain 
adjustment for the RxO pin. If RxG is left open, then the output 
signal at RxO will be inverted and ou tput a t RxO. Thus the 
push-pull gain to a load from RxO to RxO Is two times the 
output level at RxO. If extern al resi stors are applied f rom R xO 
to RxG (Rl) and from RxG to RxO (RG), the gain of RxO can 
be set differently from inverting unity. These resistors should 
be in the range of 10 kQ. The RxO output level is unchanged 
by the resistors and the RxO gain is approximately equal to 
minus RG/RI. The actual gain is determined by taking into 
account the internal resistors which will be in parallel to these 
external resistors. The internal resistors have a large 
tolerance, but they match each other very closely. This 
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matching tends to minimize the effects of their tolera nce o n 
external gain configurations. The circuit for RxG and RxO is 
shown in the block diagram. 

Txl 

Transmit Analog Input 

Txl is the input to the transmit filter. It is also the output of 
the transmit gain amplifiers of the MCI 45501/02/03/05. The 
input impedance is greater than 100 kQ to Vag in the 
MCI 45500. The Txl input has an internal gain of 1.0, such 
that a +3 dBmO signal at Txl corresponds to the peak 
converter reference voltage as described in the Vref and RSI 
pin descriptions. For 3.15 V reference, the +3 dBmO input 
should be 6.3 V peak-to-peak. 

+1x7 -Tx 

Positive Tx Amplifier Input (MC1 45502/03/05 Only) / 

Negative Tx Amplifier Input (MC1 45501/02/03/05 Only) 

The Txl pin is the input to the transmit band-pass filter. If 
+Tx or -Tx is available, then there is an internal amplifier 
preceding the filter whose pins are +Tx, -Tx, and Txl. These 
pins allow access to the amplifier terminals to tailor the input 
gain with external resistors. The resistors should be in the 
range of 10 kQ. If +Tx is not available, it is internally tied to 
Vag- '^ ~Tx and +Tx are not available, the Txl is a unity gain 
high-impedance input. 

power supplies 
Vdd 

Most Positive Power Supply 

Vdd is typically 5 to 12 V. 



vss 

Most Negative Power Supply 

Vss is typically 10 to 12 V negative of Vdd- 

For a ±5 V dual-supply system, the typical power supply 
configuration Is Vdd = + 5 V, Vss = - 5 V, Vls = V (digital 
ground accommodating TTL logic levels), and Vag = V 
being tied to system analog ground. 

For single-supply applications, typical power supply 
configurations include: 

Vdd = 10 V to 12 V 

Vss = V 

Vag generates a mid supply voltage for referencing all 
analog signals. 

Vls controls the logic levels. This pin should be connected 
to Vdd tor CMOS logic levels from Vss to Vdd- This pin 
should be connected to digital ground for true TTL logic levels 
referenced to Vls- 

TESTING CONSIDERATIONS (MCI 45500/01/02 ONLY) 

An analog test mode is activated by connecting MSI and 
CCI to 128 kHz. In this mode, the input of the A/D (the output 
of the Tx filter) is available at the PDI pin. This input is direct 
coupled to the A/D side of the codec. The A/D is a differential 
design. This results in the gain of this input being effectively 
attenuated by half. If monitored with a high-impedance buffer, 
the output of the Tx low-pass filter can also be measured at 
the PDI pin. This test mode allows independent evaluation 
of the transmit low-pass filter and A/D side of the codec. The 
transmit and receive channels of these devices are tested with 
the codec-filter fully functional. 




*To define RDD when TDD is high Z. 



-5V 



Figure 1. Test Circuit 



Table 1. Options Available by Pin Selection 



RSI* 
Pin Level 


Vref* 
Pin Level 


Peak-to-Peak Overload Voltage (Txl, RxO) 


Vdd 


Vss 


7.56 Vpp 


Vdd 


Vag + Vext 


(3.02 x Vext) vpp 


Vag 


Vss 


SVpp 


Vag 


Vag + Vext 


(2 x Vext) Vpp 


Vss 


Vss 


6.3 Vpp 


Vss 


Vag + vext 


(2.52 X Vext) Vpp 



*0n MC1 45500/03/05, RSI and Vref tied internally to Vss- On MCI 45501 , Vref tied internally to Vss- 
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Table 2. Summary of Operation Conditions User Programmed Through Pins Vdd, Vag> and Vss 



"^.^^^ Pin 

Logic ^^C^ 
Level ^""^^^ 


Mu/A 


RSI 

Peak Overload 

Voltage 


VLB 


Vdd 


Mu-Law Companding Curve and D3/D4 
Digital Formats with Zero Code Suppress 


3.78 


CMOS 
Logic Levels 


Vag 


Mu-Law Companding Curve and Sign 
Magnitude Data Format 


2.50 


TTL Levels 
Vag Up 


Vss 


A-Law Companding Curve and CCITT 
Digital Format 


3.15 


TTL Levels 
Vss Up 



tsu2< — ->1 



tP4 



•^CL- 



^%J\/^y\j'\M/AP\y\/\/\/A 

-M \< — tp3 tp3— >| |<— tP2l^-->| 1^ tP2 



\ 



™^^feCX3tX300GE>00 



*Data output during this time will vary depending on TDC rate and TDE timing. 

Figure 2. Transmit Timing Diagram 
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RCE 



tz 
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Figure 3. Receive Timing Diagram 
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Figure 4. MSI/CCI Timing Diagram 
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Figure 5. MCI 45502 Gain vs Level l\/lu-Law Transmit 
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Figure 6. I\/IC1 45502 Gain vs Level l\/lu-Law Receive 
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Figure 7. I\/1C1 45502 Quantization 
Distortion Mu-Law Transmit 
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Figure 8. i\/IC1 45502 Quantization 
Distortion Mu-Law Receive 
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Figure 9. MCI 45502 Gain vs Level A-Law Transmit 
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Figure 10. MC1 45502 Gain vs Level A-Law Receive 
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Figure 11. MCI 45502 Quantization Distortion 
A-Law Transmit 
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Figure 13. MCI 45502 Power Suppiy Rejection 

Ratio Positive Transmit VAC = 250 mVrms, 

C-Message Weigtited 
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Figure 14. MCI 45502 Power Supply Rejection 
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Figure 17. MCI 45502 Pass-Band 
Filter Response Transmit 



GUARANTEED 
PERFORMANCE 

J I \— 




GUARANTEED 
PERFORMANCE 



3.0 3.1 3.2 3.3 3.4 3.5 3.6 3.7 3.8 
FREQUENCY (kHz) 



3.9 4.0 4.1 4.2 



Figure 18. I\/IC1 45502 Low-Pass Filter 
Response Transmit 
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Figure 19. MCI 45502 High-Pass Filter 
Response Transmit 
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Figure 20. MCI 45502 Pass-Band 
Filter Response Receive 
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Figure 22. Simple Clock Circuit for Driving IVIC1 45500/01/02/03/05 Codec-Filters 
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23 A. Simplified Transformer Hybrid Using MC1 45503 
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NOTE: Hybrid Balance by R5 and R6 to equate the RxO signal gain at Txl through the inverting 
and non-inverting signal paths. 



23b. Universal Transformer Hybrid Using MCI 45503 



Figure 23. Hybrid Interfaces to the MCI 45503 PCM Codec-Filter Mono-Circuit 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MCI 45500.I\/IC1 45501 .MCI 45502.MC1 45503.MC1 45505 

2-869 



R0 = 600fi 
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and non-inverting input signal paths, respectively, is given by: 
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24a. Universal Transformer Hybrid Using IMC1 45502 
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Figure 24. Hybrid Interfaces to the MCI 45502 PCM Codec-Filter Mono-Circuit 
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Table 3. Mu-Law Encode-Decode Characteristics 
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NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes inverison of all magnitude bits. 
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A-Law Encode-Decode Characteristics 
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NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes alternate bit inverison, as specified by CCITT. 
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Advance Information 
ADPCM TVanscoder 

Conforms to G.721-1988 and T1 .301 -1987 

The MC1 45532 Adaptive Differential Pulse Code Modulation (ADPCM) 
Transcoder provides a low-cost, full-duplex, single-channel transcoder to (from) 
a 64 kbps PCM channel from (to) either a 16 kbps, 24 kbps, 32 kbps, or 64 kbps 
channel. 

• Complies with CCITT Recommendation G.721-1988 

• Complies with the American National Standard (T1 .301-1987) 

• Full-Duplex, Single-Channel Operation 

• n-Law or A-Law Coding is Pin Selectable 

• Synchronous or Asynchronous Operation 

• Easily Interfaces with Any Member of Motorola's PCM Codec-Filter 

Mono-Circuit Family or Other Industry Standard Codec 

• Serial PCM and ADPCM Data Transfer Rate from 64 kbps to 5.12 Mbps 

• Power Down Capability for Low Current Consumption 

• The Reset State, an Option Specified in the Standards, is Automatically Initiated 

When the RESET Pin is Released 

• Simple Time Slot Assignment Timing for Transcoder Applications 

• Single 5 V Power Supply 

• 16-Pin Package 

• The MC145536EVK Is the evaluation platform for the MCI 45532 and also 

includes the MCI 45480 5 V PCM Codec-Filter 
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This document contains information on a new product under development. Motorola resen/es the right to change or discontinue this product without notice. 
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DEVICE DESCRIPTION 

An Adaptive Differential PCM (ADPCIVI) transcoder is used 
to reduce the data rate required to transmit a PCIVI encoded 
voice signal while maintaining the voice fidelity and intelli- 
gibility of the PCM signal. 

The transcoder is used on 64 kbps data streams which 
represent either voice or voice band data signals that have 
been digitized by a codec (e.g., MC1 45557). The transcoder 
uses a filter to attempt to predict the next PCM input value 
based on previous PCM input values. The error between the 
predicted and the true PCM input value is the information that 
is sent to the other end of the line. Hence the word differential, 
since the ADPCM data stream is the difference between the 
true PCM input value and the predicted value. The term 
"adaptive" applies to the filter that is performing the prediction. 
It is adaptive in that its transfer function changes based on 
the PCM input data. That is, it adapts to the statistics of the 
signals presented to it. 

PIN DESCRIPTION 

ENCODER INPUT 

EDI 

Encoder Data Input (Pin 12) 

PCM data to be encoded are applied to this input pin which 
operates synchronously with EDC and EIE to enter the data 
in a serial format. 

EDC 

Encoder Data Clock (Pin 13) 

Data applied to EDI are latched into the transcoder on a 
falling edge of EDC and data are output from EDO on a rising 
edge of this input pin. The frequency of EDC may be as low 
as 64 kHz or as high as 5.12 MHz. 

EIE 

Encoder Input Enable (Pin 11) 

The beginning of a new PCM word is indicated to the 
transcoder by a rising edge applied to this input. The frequency 
of EIE may not exceed 8 kHz. 

ENCODER OUTPUT 

EDO 

Encoder Data Output (Pin 15) 

ADPCM data are available in a serial format from this output, 
which operates synchronously with EDC and EOE. EDO is 
a three-state output which remains in a high-impedance state, 
except when presenting data. 

EOE 

Encoder Output Enable (Pin 14) 

Each ADPCM word is requested by a rising edge on this 
input, which causes the EDO pin to provide the data when 
clocked by EDC. One EOE must occur for each EIE. 

DECODER INPUT 

DDI 

Decoder Data Input (Pin 5) 

ADPCM data to be decoded are applied to this input pin, 
which operates in conjunction with DDC and DIE to enter the 
data in a serial format. 



DDC 

Decoder Data Clock (Pin 4) 

Data applied to DDI are latched into the transcoder on the 
falling edge of DDC and data are output from DDO on the rising 
edge of DDC. The frequency of DDC may be as low as 64 kHz 
or as high as 5.12 MHz. 
DIE 
Decoder Input Enable (Pin 6) 

The beginning of a new ADPCM word is indicated by a rising 
edge applied to this input. Data are serially clocked into DDI 
on the subsequent falling edges of DDC following the DIE 
rising edge. The frequency of DIE may not exceed 8 kHz. 

DECODER OUTPUT 

DDO 

Decoder Data Output (Pin 2) 

PCM data are available in a serial format from this output, 
which operates in conjunction with DDC and DOE. DDO is 
a three-state output that remains at a high-impedance state 
except when presenting data. 
DOE 
Decoder Output Enable (Pin 3) 

Each ADPCM word is requested by a rising edge on this 
input which causes the DDO pin to provide the data when 
clocked by DDC. One DOE must occur for each DIE. 

CONTEXT 

MODE 

Mode Select (Pin 1) 

A logic applied to this input makes the transcoder 
compatible with |x-255 companding and D3 data format. A 
logic 1 applied to this pin makes the transcoder compatible 
with A-law companding with even bit inversion data format. 

SPC 

Signal Processor Clock (Pin 10) 

This input is typically clocked with a 20.48 MHz clock signal 
which is used as the digital signal processor master clock. 
This pin has a CMOS compatible input. 

RESET 
Reset (Pin 7) 

A logic applied to this input forces the transcoder into a 
low power dissipation mode. A rising edge on this pin causes 
power to be restored and the optional transcoder RESET state 
(specified in the standards) to be forced. Valid data is available 
at the output pins four input enables after a rising edge on 
this pin. This pin has a CMOS compatible input. 
APD 
Absolute Power Down (Pin 9) 

A logic 1 applied to this input forces the transcoder into a 
power saving mode. This pin has a CMOS compatible input. 

POWER SUPPLY 

Vdd 

Positive Power Supply (Pin 16) 

The most positive power supply pin, normally 5 V. 

vss 

Negative Power Supply (Pin 8) 

The most negative power supply pin, normally V. 
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FUNCTIONAL DESCRIPTION 
ENCODING/DECODING RATES 

The MC1 45532 allows for the encoding and decoding of 
data at one of four rates on a sample by sample basis. Each 
data sample that is provided to the part is accompanied by 
an indication of the rate at which it is to be encoded or decoded. 
The width of the enable pulse determines the encoding/decod- 
ing rate chosen for each sample. 

The 64 kbps rate allows for PCM data to be passed directly 
through the part. The 32 kbps rate is either the G.721 or the 
T1 .301 -1987 standard, depending on the state of the mode 
pin. The 24 kbps encoding rate is compliant with CCITT G.723 
and G.726. The 16 kbps rate is a modified quantizer from the 
32 kbps technique and is not a standard. 
TIMING 

Figures 1 through 8 show the timing of the input and output 
pins. The MCI 45532 determines the mode of the timing 
signals, either short or long frame, for each enable, 
independent of the mode of any previous enables. A transition 
from short frame to long frame mode or vice versa will cause 
at least one frame of data to be destroyed. Each of the four 
sets of I/O pins determines its mode independent of the other 
sets. Thus the encoder input could be operating with long 
frame timing and the output could be operating with short 
frame timing. Note that the short frame timing on the input 
enables can only be used with the 32 kbps transcoding rate. 
The number of data clock falling edges enclosed by the input 
enable line (EIE or DIE) determines both the short frame or 
long frame mode and the transcoding rate. The mode of the 
input or output is determined each frame. In all modes, the 
data is captured by the MCI 45532 on the falling edge of either 
EDC or DDC. 
ENCODER INPUT — SHORT FRAME 

Figure 1 shows the timing of the encoder data clock (EDC), 
the encoder input enable (EIE), and the encoder data input 
(EDI) pins in short frame operation. 

The determination of short frame mode is made by the 
MCI 45532 based on one falling EDC edge while EIE is high. 
Note that only a 32 kbps encoding rate can be specified when 
using short frame mode on the encoder input. 
ENCODER INPUT — LONG FRAME 

Figure 2 shows the clock, enable, and data signals for the 
encoder input in long frame mode. In this mode, the data is 
captured by the MCI 45532 on the falling edge of EDC. 

The determination of the encoding rate is made based on 
the number of falling EDC edges seen by the MCI 45532 while 
EIE is high. Four edges implies a 32 kbps encoding rate, three 
edges implies a 24 kbps encoding rate, two edges implies a 
16 kbps rate, and from five to eight inclusive imply a 64 kbps 
rate. The encoding rate may be changed on a frame by frame 
basis. The encoded word is available at EDO (via EOE and 
EDC) from 250 |a.s to 375 us after it is requested. 
ENCODER OUTPUT — SHORT FRAME 

Figure 3 shows the timing of the encoder output in short 
frame mode. The length of the LSB is always one half of an 
EDC cycle. 



The EDO will provide the correct number of bits for the 
encoding rate that was selected for this frame of data on the 
encoder input pins. The data is loaded into the MCI 45532 
during one frame, encoded on the next frame, and read during 
the third frame. 
ENCODER OUTPUT— LONG FRAME 

Figure 4 shows the timing of the encoder output in long 
frame mode. The enable must be wider than two falling edges 
of the EDC to be in long frame mode. If the enable falls before 
the correct number of bits have been presented to the output 
(EDO), the transcoder will complete the presentation of the 
bits to the output with the LSB being one half of an EDC period 
wide. If the enable falls after the one half EDC period of the 
LSB, then the LSB will be extended up to the full EDC clock 
period and the subsequent data will be a recirculation of the 
previous data, which repeats until the enable pin falls. This 
is shown on the second enable for the 16 kbps encoding rate 
example in Figure 4. 
DECODER INPUT — SHORT FRAME 

Figure 5 shows the timing of the decoder data clock, the 
decoder input enable, and the decoder data input pins in short 
frame operation. Note that in this mode only a 32 kbps 
decoding rate can be selected. 
DECODER INPUT — LONG FRAME 

Figure 6 shows the clock, enable, and data signals for the 
decoder input in long frame mode. 

The determination of the decoding rate is made based on 
the number of falling DDC edges seen by the MCI 45532 while 
DIE is high. Four edges implies a 32 kbps decoding rate, three 
edges implies a 24 kbps decoding rate, two edges implies a 
16 kbps rate, and from five to eight edges inclusive imply a 
64 kbps rate. The decoding rate may be changed on a frame 
by frame basis. 
DECODER OUTPUT — SHORT FRAME 

Figure 7 shows the timing of the decoder output in short 
frame mode. 

The DDO will provide the 8-blt PCM word for the decoding 
rate that was selected for this frame of data on the decoder 
input pins. The data Is loaded into the MCI 45532 during one 
frame, decoded on the next frame, and read during the third 
frame. 
DECODER OUTPUT — LONG FRAME 

Figure 8 shows the timing of the decoder output in long 
frame mode. Note that at least eight bits are presented to the 
output, provided that at least two falling edges of DDC are 
seen while DOE Is high. The enable can be used to extend 
the LSB to a full DDC period and/or cause the eight bits of 
data to be recirculated to the output pin until the enable falls. 

STANDARDS INFORMATION 

The following standards apply to the MCI 45532: 

T1 .301 -1987—32 kbps APDCM 

T1 .303-1 988—24 kbps ADPCM. 

CCITT G.721 , G.723, and G.726— 32 kpbs and 24 kpbs 
CCITT documents may be obtained by contacting Omnicom 
In the USA at (703) 281-1135. 
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ABSOLUTE MAXIMUM RATINGS (Voltages Referenced to Vss) 




Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vdd 


-0.5 to + 7.0 


V 


Voltage, Any Pin to Vss 


V 


-0.5 to Vdd + 0.5 


V 


DC Current, Any Pin 


lin 


±10 


mA 


Operating Temperature 


Ta 


- 40 to + 85 


°C 


Storage Temperature 


Tstg 


-85 to + 150 


°C 



This device contains circuitry to protect 
against damage due to high static voltages or 
electric fields; however, it is advised that 
normal precautions be taken to avoid 
application of any voltage higher than 
maximum rated voltages to this high 
impedance circuit. For proper operation it is 
recommended thatVjnandVoutbe constrained 
to the range Vss ^ (Vin or Vout) ^ Vpo- 

Unused inputs must always be tied to an 
appropriate logic voltage level (e.g., either Vss 
or Vdd)- 



RECOMMENDED OPERATING CONDITIONS (Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


DC Supply Voltage 


Vdd 


4.50 


5.50 


V 


Power Dissipation 


Pd 


- 


0.28 


w 



DIGITAL CHARACTERISTICS (Vqd = 50 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


High Level Input Voltage Mode, DOE, DDC, DDI, DIE, EIE, EDI, EDC, EOE 


V|H 


2.0 


— 


V 


Low Level Input Voltage Mode, DOE, DDC, DDI, DIE, EIE, EDI, EDC, EOE 


V|L 


— 


0.8 


V 


High Level Input Voltage RESET, APD, SPC 


V|H 


0.7 Vdd 


— 


V 


Low Level Input Voltage RESET, APD, SPC 


V|L 


— 


0.3 Vdd 


V 


Input Current 


lin 


— 


±1.0 


ha 


Input Capacitance 


Cin 


— 


10 


PF 


High Level Output Voltage (Iqh = -2-0 mA) DDO, EDO 


VoH 


4.6 


— 


V 


Low Level Output Voltage (Iql = 2.0 MA) DDO, EDO 


Vol 


— 


0.4 


V 


Output Leakage Current (Vdd = 5.5 V) DDO, EDO 


'Ikg 


— 


±5.0 


|xA 



SWITCHING CHARACTERISTICS (Vdd = 50 V. Ta = - 40 to + 85°C) 



Parameter 


Min 


Max 


Unit 


SPC Frequency 


19.990 


23 


MHz 


SPC Duty Cycle 


45 


55 


% 
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ENCODER INPUT — SHORT FRAME (Vpo = 5.0 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


MIn 


Max 


Unit 


Enable Low Setup Time 


tsu(EIE)L 


15 


— 


ns 


Enable Low Hold Time 


th(EIE)H 


30 


— 


ns 


Enable Valid Time 


tV(EIE) 


15 


— 


ns 


Enable Hold Time 


th(EIE) 


15 


— 


ns 


Data Valid Time 


MEDI) 


15 


— 


ns 


Data Hold Time 


th(EDI) 


15 


- 


ns 



EDO 



n^RKHJ^mRprnjiri^iRRRr 



EIE 



EDI 



LSB LSB 

■<i5>0000000^)0000000 



EDC 



EIE 



EDI 



V 



y \—y 



-th(EIE)H- 



-tv(EIE)- 



/ 



-th(EIE) - 



-.V 



i 



tv(EDI)- 



"V 



-tsu(EIE)L 



MSB 



K 



< ►« > 



-th(EDI) 



Figure 1. Encoder Input Timing— Short Frame 
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ENCODER INPUT — LONG FRAME (Vdd = 5.0 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Low Hold Time 


th{EIE)L 


30 


— 


ns 


Enable Valid Time 


tv(EIE) 


15 


— 


ns 


Data Valid Time 


tv(EDI) 


15 


— 


ns 


Data Hold Time 


th(EDI) 


15 


— 


ns 



EDC 



^1_RRRRRRE^R^^^^L 



EIE 32 kbps 



EIE 24 kbps 



EIE 16 kbps 



EIE 64 kbps 



LSB 



LSB 



"^^i^ooooooo^ooooooa 



EDC 



\^ v_y v_/ 



EDI 



th(EIE)L > <-tv(EIE) - 



tv(EDI)- 



-th(EDI)- 



< 



MSB 



X 



Figure 2. Encoder Input Timing — Long Frame 
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ENCODER OUTPUT — SHORT FRAME (Vdd = 5.0 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Low Hold Time 


th(EOE)L 


30 


— 


ns 


Enable Valid Time 


Meoe) 


15 


— 


ns 


Enable Hold Time 


th(EOE) 


15 


— 


ns 


Data Valid Time 


tv(EDO) 


— 


40 


ns 


Data Three-State Time (with 150 pF Load) 


tz(EDO) 


1 


30 


ns 



EOE I* I @ I 



EDO • 



EDC 



LSB 



'32 kbps transcoding rate selected for this frame at EIE @ 64 kbps transcoding rate selected for this frame at EIE 



\ 



/ 



\ 



-th(EOE)L ► 



EOE 



EDO 



/ 



-MEOE)H 



/ 



-th(EOE)- 



tv(EDO)- 



■<=$oooooo- 

)ps trai 



\ 



\ 



-9- 



< 



■69- 



MSB 



X 



LSB 



tx(EDO) 



V 



Figure 3. Encoder Output Timing— Short Frame 
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ENCODER OUTPUT — LONG FRAME (Vpo = 50 V, Ta = - 40 to + SS-'C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Low Hold Time 


th(EOE)L 


30 


— 


ns 


Enable Valid Time 


tv(EOE) 


15 


— 


ns 


Enable to Data Time (Whichever Edge Occurs Last) 


tEOE-EDO 


— 


40 


ns 


Clock to Data Time (Whichever Edge Occurs Last) 


tEDC-EDO 


— 


45 


ns 



EDO (mS^^^^ y^ 



EDC 

EOE 
32 kbps 



■€>000 



EOE 
24 kbps 



t^ 



^ 



EDO V^XA / 



-©OS" 



EOE 
16 kbps 



EDO- (mS^(^ 



■<scx^^^ 



EOE 
64 kbps 



U 



\} 



- ^3>0000000^)0000000 



EDO Driver is controlled by EOE 
#EDO completes the presentation of data 
©Data recirculates 



EDC \ 



/ 



'*th(EOE)L>|< 



W(EOE) > 



J \ 



tEDC-EDO" 



EDO 



-C — IT 



\ < 



-tEOE-EDO 



MSB 



X 



Figure 4. Encoder Output Timing— Long Frame 
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DECODER INPUT — SHORT FRAME (Vpo = 50 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


MIn 


Max 


Unit 


Enable Low Setup Time to Falling DDC 


tsu(DIE)L 


15 


— 


ns 


Enable Low Hold Time from Falling DDC 


th(DIE)H 


30 


— 


ns 


Enable Valid Time to Falling DDC 


tv(DIE) 


15 


— 


ns 


Enable Hold Time from Falling DDC 


th(DIE) 


15 


— 


ns 


Data Valid Time Before Falling DDC 


tv(DDI) 


15 


- 


ns 


Data Hold Time from Falling DDC 


th(DDI) 


15 


— 


ns 



DDC 



^mARRRRR^VUUm^^ 



DIE 



DDI 



■^>oo^ 



-®ooo 



DDC 



\^ \^^~^\^y 



— th(DIE)H — X-MDIE)-^ 
DIE T 



< th(DIE) > 



<-tsu(DIE)L- 



\ 



DDI 



< 



-tv(DDI) - 



-<h(DDI)- 



MSB 



X 



Figure 5. Decoder Input Timing— Short Frame 
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DECODER INPUT — LONG FRAME (Vpo = 5.0 V, Ta = - 40 to + 85X) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Hold Time from Falling DDC 


th{DIE) 


30 


— 


ns 


Enable Valid Time to Falling DDC 


MDIE) 


15 


— 


ns 


Data Valid Time to Falling DDC 


tv(DDI) 


15 


— 


ns 


Data Hold Time from Falling DDC 


th(DDI) 


15 


— 


ns 



DDC 

DIE 

32 kbps 
DDI- 

DIE 
24 kbps 
DDI- 

DIE 
16 kbps 
DDI- 

DIE 
64 kbps 



RRA^EJ^R^^RR^l^m^ 



-&(D(I)&- 



■<»>oo 



-©O" 



^i)000 



■€>00- 






DDC 



DIE 



DDI 



"V 



y ^ / 



r th(DIE) > 



/ 



< Mdie) ► 



tv(DDI)— H 



< th(DDI) ► 



€ 



MSB 



K 



Figure 6. Decoder Input Timing— Long Frame 
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DECODER OUTPUT — SHORT FRAME (Vpo = 5.0 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Low Hold Time 


th(DOE)L 


30 


— 


ns 


Enable Valid Time 


V(DOE) 


15 


— 


ns 


Enable Hold Time 


th(DOE) 


15 


— 


ns 


Rising Edge of DDC to Valid DDO 


tv{DDO) 


— 


40 


ns 


Delay Time from 8th DDC Low to DDO Output Disabled 


tz(DDO) 


— 


30 


ns 



DDC 



R^^^RRKH^^^^^^^^ 



DOE 



LSB 



LSB 



DDO ■ 



■®OOOOOO<H^KXXXXX^0 



DDC V / 



-th(DOE)L > 



DOE 



DDO 



/ 



<-tv(DOE)- 



J- 



-th(DOE)- 



tv(DDO)- 



\ „ / V 



< 



MSB 



X 



LSB 



-tz(DDO) 



V 



Figure 7. Decoder Output Timing— Short Frame 
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DECODER OUTPUT — ■ LONG FRAME (Vpo = 5.0 V, Ta = - 40 to + 85°C) 



Parameter 


Symbol 


Min 


Max 


Unit 


Enable Low Hold Time 


th(DOE)L 


30 


■ — 


ns 


Enable Valid Time 


tv(DOE) 


15 


— 


ns 


Rising Edge of DDE to Valid DDO (when DDC is Higfi) 


tDOE-DDO 


— 


40 


ns 


Rising Edge of DDC to Valid DDO (when DOE is High) 


tDDC-DDO 


— 


45 


ns 


Delay Time from 8th DDC Low or DOE Low to DDO Output Disabled 


t2(DDO) 





30 


ns 



DDC 



DOE 



_A KWWWWWWWN I L 



DDO • 



■€>OOOOOO0OOOOOOO^ 



DDC 



DOE 



DDO 



"\. 



J- 



<^h(DOE)L> 



\^ \_^ 



-Mdoe) > 



JLU 



'DDC-DDO" 



-c — :r 



i — < 



- tDOE-DDO 



MSB 



X 



Figure 8. Decoder Output Timing— Long Frame 
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PCMYBUSOUT- 
TS1- 



ADPCM Z BUS IN - 
TS3- 



1.544MHz— ^^ 



PCMXBUSOUT- 
TS3- 



TS4- 
POWER DOWN - 



MODE 

DDO 

DOE 

DDC 

DDI 

DIE 

RESET 

VSS 



Vdd 

EDO 
EOE 
EDO 
EDI 
EIE 
SPC 
APD 



.+5V 



MC145532 



MODE Vdd|-+5V 

DDO EDO 

DOE EOE 

DDC EDC 

DDI EDI 

DIE EIE 



RESET SPC 
Vss APD 



-ADPCMZBUSOUT 
-TS1 



- PCM Y BUS IN 
-TS3 



-TS2 

- PCM X BUS IN 

-TS1 

■ 20.48 MHz 



1.544 MHz 
TS1 
TS2 
TS3 
TS4 



J \ 



"L 



PCM BUS OUT DDO y --^T^^T^^T^^TyT^^T^^T^^ 



DDOx • 



-<IXIXiXiXiXiXD<e^ 



PCM BUS IN EDIy 



<D<S>(iXI)GXiXI)^ 



BUS OUT EDOzy (iXj-X-Z)^ 



ADPCM 

EDOzx 

ADPCM BUS IN DDIzy 

DDIzx 



■<IXIXI> 



<ixiyj)^ 



<lXDO^ 



Figure 9. ADPCM Transcoder Application 
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MC145503 



ADPCM IN 



MC145532 



ANALOG OUT - 
ANALOG IN - 



+5V- 



Vag 

RxO 
+Tx 
Txl 
-Tx 
Mu/A 
PDi 
-5VHVss 



Vdd 

RDD 
RCE 
RDC 
TDC 
TDD 
TDE 

vls 



. +5V 



-TSm1 



POWER DOWN 



TSm- 



MODE 

DDO 

DOE 

DDC 
DDI 

DIE 

RESET 

VSS 



Vdd 

EDO 
EOE 
EDC 
EDI 
EIE 
SRC 
APD 



.+5V 



-ADPCM OUT 
-TSm 



♦—1.544 MHz 



- 20.48 MHz 



1.544 MHz = RDC = DDC 
= TDE = EDC 



TSm1=RCE = TDE 
EDI = TDD 



TSm = EIE = EOE 
= DIE = DOE 



ADPCM OUT = EDO 



DDO = RDD 



ADPCM IN = DDI 



L 



<Z3czxii>cizx:^3czxzXi> 



<IIDCZXZXI> 



Figure 10. ADPCM Transcoder/Codec Application 
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-5V- 



ANALOGOUT- 
+ 5V- 



2.048 MHz- 
ADPCMIN- 



POWERDOWN- 



MC145557 



Vbb 

GNDA 
VFrO 

vcc 

FSr 
Dr 



VFxl+ 

VFxI- 

GSx 

TSx 

FSX 

DX 



— VSAr— I 



BCLKr BCLKx 
MCLKr MCLKx 



-A/SA^ ANALOG IN 



MC145532 



+5V-|M0DE Vdd|-+5V 
DDO EDO 



DOE 
DDC 
DDI 
DIE 



EOE 
EDC 
EDI 
EIE 



RESET SPC 
Vss APD 



•Tx TIME SLOT 



■8 kHz 



. ADPCMOUT 



■ 20.48 MHz 



2.048 MHz = MCLKr = BCLKr = DDC I I F 

= MCLKx = BCLKx = EDC I 1 I 



8kHz = D0E = DIE = FsR 



^ r 

= EOE = EIE = Fsx I 

EDI = Dx 

ADPCMOUT = EDO 

DD0 = Dr 



ADPCM IN = DDI- 



l_ 



-^iDcryciDCiDCiDCiDciyiy 
<:z3czxiixz> — 



-CUCUCIDCI^CIIX^JCZXiy 



<ZXZXZ>G> 



Figure 11. ADPCM Transcoder/Codec Application (A-Law) 
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MOTOROLA 
SEMICONDUCTOR 

TECHNICAL DATA 



Technical Summary 
ADPCM Codec 

This technical summary provides a brief description of the MC1 45540 ADPCIVI 
Codec. A complete data book for the MC1 45540 Is available and can be ordered 
from your local Motorola sales office. The data book number is MC145540/D. 

The MC1 45540 ADPCM Codec is a single chip implementation of a PCM 
codec-filter and an ADPCM encoder/decoder, and therefore provides an efficient 
solution for applications requiring the digitization and compression of voiceband 
signals. This device is designed to operate over a wide voltage range, 2.7 to 5.25 V 
and, as such, is ideal for battery powered as well as ac powered applications. 
The MC145540 ADPCM Codec also includes a serial control port and internal 
control and status registers that permit a microcomputer to exercise many built-in 
features. 

The ADPCM Codec is designed to meet the 32 kbps ADPCM conformance 
requirements of CCITT Recommendation G.721 and ANSI T1.301. It also meets 
ANSI T1 .303 and CCITT Recommendation G.723 for 24 kbps ADPCM operation, 
and the 16 kbps ADPCM standard, CCITT Recommendation G.726. This device 
also meets the PCM conformance specification of the CCITT G.714 Recommen- 
dation. 

• Single 2.7 to 5.25 V Power Supply 

• Typical 3 V Power Dissipation of 60 mW, Power Down of 15 |j,W 

• Differential Analog Circuit Design for Lowest Noise 

• Complete Mu-Law and A-Law Companding PCM Codec-Filter 

• ADPCM Transcoder for 64, 32, 24, and 16 kbps data rates 

• Universal Programmable Dual Tone Generator 

• Programmable Transmit Gain, Receive Gain, and Sidetone Gain 

• Low Noise, High Gain, Three Terminal Input Operational Amplifier for 

Microphone Interface 

• Push-Pull, 300 Q Power Drivers with External Gain Adjust for Receiver 

Interface 

• Push-Pull, 300 Q Auxiliary Output Drivers for Ringer Interface 

• Voltage Regulated Charge Pump to Power the Analog Circuitry in Low Voltage 

Applications 

• Receive Noise Burst Detect Algorithm 

• Order Complete Document as MC145540/D 

• Device Supported by MCI 45537EVK ADPCM Codec Evaluation Kit 
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This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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PIN DESCRIPTIONS 
POWER SUPPLY PINS 

VSS 

Negative Power Supply (Pin 22) 

This is the most negative power supply and is typically 
connected to V. 

Vext 

External Power Supply Input (Pin 9) 

This power supply input pin must be between 2.70 and 
5.25 V. Internally, it is connected to the input of the VdsP 
voltage regulator, the 5 V regulated charge pump, and all 
digital I/O including the Serial Control Port and the ADPCM 
Serial Data Port. This pin is also connected to the analog 
output drivers (PO+, P0-, AXO+, and AXO-). This pin 
should be decoupled to Vss with a 0.1 ^iF ceramic capacitor. 
This pin is internally connected to the Vqd and Vqsp P'^s 
when the device is powered down. 

Vdsp 

Digital Signal Processor Power Supply Output (Pin 8) 

This pin is connected to the output of the on-chip Vdsp 
voltage regulator which supplies the positive voltage to the 
DSP circuitry and to the other digital blocks of the ADPCM 
Codec. This pin should be decoupled to Vss with a 0.1 jiF 
ceramic capacitor. This pin cannot be used for powering 
external loads. This pin is internally connected to the VexT 
pin during power down to retain memory. 



Vdd 

Positive Power Supply Input/Output (Pin 28) 

This is the positive output of the on-chip voltage regulated 
charge pump and the positive power supply input to the analog 
sections of the device. Depending on the supply voltage 
available, this pin can function in one of two different operating 
modes: 

1 . When Vext 's supplied from a regulated 5 V (±5%) power 
supply, Vdd 's an input and should be externally con- 
nected to Vext charge pump capacitor CI should not 
be used and the charge pump should be disabled in BRO 
(b2). In this case Vext ^ncl Vqd can share the same 
0.1 |iF ceramic decoupling capacitor to Vss- 

2. When VexT 's supplied from 2.70 to 5.25 V, such as bat- 
tery powered applications, the charge pump should be 
used. In this case, Vqd 's the output of the on-chip voltage 
regulated charge pump and must not be connected to 
Vext- Vdd should be decoupled to Vss with a 1 .0 iiF 
ceramic capacitor. This pin cannot be used for powering 
external loads in this operating mode. This pin is internally 
connected to the VexT P'" when the charge pump is 
turned off or the device is powered down. 

vag 

Analog Ground Output (Pin 4) 

This output pin provides a mid-supply analog ground 
regulated to 2.4 V. All analog signal processing within this 
device is referenced to this pin. This pin should be decoupled 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC1 45540 
2-891 



to Vss with a 0.01 to 0.1 nF ceramic capacitor. If the audio 
signals to be processed are referenced to Vss. then special 
precautions must be utilized to avoid noise between Vss ^"^1 
the Vag pin- Refer to the applications Information in this 
document for more information. The Vag P'^ becomes high 
impedance when in analog power-down mode. 

C1-C1 + 

Charge Pump Capacitor Pins (Pin 23 And 24) 

These are the capacitor connections to the internal voltage 
regulated charge pump that generates the VpD supply 
voltage. A 0.1 |iF capacitor should be placed between these 
pins. Note that if an external Vqd "'S supplied, this capacitor 
should not be in the circuit. 

ANALOG INTERFACE PINS 

TG 

Transmit Gain (Pin 1) 

This is the output of the transmit gain setting operational 
amplifier and the input to the transmit band-pass filter. This 
op amp is capable of driving a 2 kQ load to the Vag P'"- 
When Tl- and TI+ are connected to Vdd. the TG op amp 
is powered down and the TG pin becomes a high-impedance 
input to the transmit filter. All signals at this pin are referenced 
to the Vag pin. This pin Is high impedance when the device 
is in the analog power-down mode. This op amp is powered 
by the Vqd P'"- 

Tl- 

Transmlt Analog Input (Inverting) (Pin 2) 

This is the inverting input of the transmit gain setting 
operational amplifier. Gain setting resistors are usually 
connected from this pin to TG and from this pin to the analog 
signal source. The common mode range of the TI+ and Tl- 
pins is from 1 .0 V, to Vdd - 2 V. Connecting this pin and Tl + 
(Pin 3) to Vdd will place this amplifier's output (TG) in a 
high-impedance state, thus allowing the TG pin to serve as 
a high-impedance input to the transmit filter. 

TI + 

Transmit Analog Input (Non-inverting; Pin 3) 

This is the non-inverting input of the transmit input gain 
setting operational amplifier. This pin accommodates a differ- 
ential to single-ended circuit for the input gain setting op amp. 
This allows input signals that are referenced to the Vss P'" 
to be level shifted to the Vag P'" with minimum noise. This 
pin may be connected to the Vag P'" for an Inverting amplifier 
configuration if the input signal is already referenced to the 
Vag pin- The common mode range of the TI+ and Tl- pins 
is from 1 .0 V to Vdd - 2 V. Connecting this pin and Tl- (Pin 
2) to Vdd will place this amplifier's output (TG) in a high- 
impedance state, thus allowing the TG pin to serve as a 
high-impedance input to the transmit filter. 

RO 

Receive Analog Output (Pin 5) 

This is the non-inverting output of the receive smoothing 
filter from the digital-to-analog converter. This output is 
capable of driving a 2 kQ load to 1 .575 V peak referenced 
to the Vag P'"- This pin may be dc referenced to either the 
Vag pin or a voltage of half of V^XT by BR2 (b7). This pin 
is high impedance when the device is in the analog 
power-down mode. This pin is high impedance except when 
it is enabled for analog signal output. 



AXO- 

Auxiliary Audio Power Output (Inverting) (Pin 6) 

This is the inverting output of the auxiliary power output 
drivers. The Auxiliary Power Driver is capable of differentially 
driving a 300 Q load. This power amplifier is powered from 
VexT and its output can swing to within 0.5 V of Vss and VexT 
This pin may be dc referenced to either the Vag P'n or a 
voltage of half of Vext by BR2 (b7). This pin is high 
impedance in power down. This pin is high impedance except 
when it is enabled for analog signal output. 

AXO + 

Auxiliary Audio Power Output (Non-inverting; Pin 7) 

This is the non-inverting output of the auxiliary power 
output drivers. The Auxiliary Power Driver is capable of 
differentially driving a 300 Q load. This power amplifier is 
powered from VexT and its output can swing to within 0.5 

V of Vss and Vext This pin may be dc referenced to either 
the Vag P'n or a voltage of half of Vext by BR2 (b7). This 
pin is high impedance in power down. This pin is high 
impedance except when it is enabled for analog signal output. 

PI 

Power Amplifier Input (Pin 10) 

This is the inverting input to the PC- amplifier. The 
non-inverting input to the PO- amplifier may be dc 
referenced to either the Vag P'n or a voltage of half of VexT 
by BR2 (b7). The PI and PO- pins are used with external 
resistors in an inverting op amp gain circuit to set the gain 
of the PO+ and PO- push-pull power amplifier outputs. 
Connecting PI to Vdd will power down these amplifiers and 
the P0+ and PO- outputs will be high impedance. 

PO- 

Power Amplifier Output (Inverting) (Pin 11) 

This is the inverting power amplifier output that is used to 
provide a feedback signal to the PI pin to set the gain of the 
push-pull power amplifier outputs. This power amplifier is 
powered from VexT and its output can swing to within 0.5 

V of Vss and Vext This should be noted when setting the 
gain of this amplifier. This pin is capable of driving a 300 Q 
load to PO+ independent of supply voltage. The PO+ and 
PO- outputs are differential (push-pull) and capable of 
driving a 300 Q load to 3.15 V peak, which is 6.3- V 
peak-to-peak when a nominal 5 V power supply is used for 
Vext The bias voltage and signal reference for this pin may 
be dc referenced to either the Vag P'n or a voltage of half 
of Vext by BR2 (b7). Low impedance loads must be between 
P0+ and P0-. This pin is high impedance when the device 
is in the analog power-down mode. This pin is high 
impedance except when it is enabled for analog signal output. 

P0 + 

Power Amplifier Output (Non-inverting) (Pin 12) 

This is the non-inverting power amplifier output that is an 
inverted version of the signal at P0-. This power amplifier 
is powered from VexT and its output can swing to within 0.5 

V of Vss and Vext This pin is capable of driving a 300 Q 
load to PO-. This pin may be dc referenced to either the Vag 
pin or a voltage of half of Vext by BR2 (b7). This pin is high 
impedance when the device is in the analog power-down 
mode. See PI and PO-for more information. This pin is high 
impedance except when it is enabled for analog signal output. 
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ADPCM/PCM SERIAL INTERFACE PINS 



SERIAL CONTROL PORT INTERFACE PINS 



FST 

Frame Sync, Transmit (Pin 18) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
output of the serial ADPCM data at the DT pin. 

BCLKT 

Bit Clock, Transmit (Pin 19) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 51 20 
kHz. 

DT 

Data, Transmit (Pin 20) 

This pin is controlled by FST and BCLKT and is high 
impedance except when outputting data. 

SPC 

Signal Processor Clock (Pin 21) 

This input requires a 20.48 or 20.736 MHz clock signal that 
is used as the DSP engine master clock. Internally the device 
divides down this clock to generate the 256 kHz clock required 
by the PCM Codec. (This clock may be optionally specified 
for higher frequencies; contact the factory for more informa- 
tion.) 

DR 

Data, Receive (Pin 25) 

ADPCM data to be decoded are applied to this input, which 
operates synchronously with FSR and BCLKR to enter the 
data in a serial format. 

BCLKR 

Bit Clock, Receive (Pin 26) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts any bit clock frequency from 64 to 
5120 kHz. This pin may be used for applying an external 
256 kHz clock for sequencing the analog signal processing 
functions of this device. This is selected by the SCP port at 
BRO (b7). 

FSR 

Frame Sync, Receive (Pin 27) 

When used in the Long Frame Sync or Short Frame Sync 
mode, this pin accepts an 8 kHz clock that synchronizes the 
input of the serial ADPCM data at the DR pin. FSR can 
operate asynchronous to FST in the Long Frame Sync or 
Short Frame Sync mode. 



PDI/RESET 

Power-Down Input/Reset (Pin 13) 

A logic applied to this input forces the device into a 
low-power dissipation mode. A rising edge on this pin causes 
power to be restored and the ADPCM Reset state (specified 
in the standards) to be forced. 



SCPEN 

Serial Control Port Enable Input (Pin 14) 

This pin, when held low, selects the Serial Control Port 
(SCP) for the transfer of control and status information into 
and out of the MC1 45540 ADPCM Codec. This pin should 
be held low for a total of 16 periods of the SCPCLK signal 
in order for information to be transferred into or out of the 
MCI 455 40 ADPCM Codec. The timing relationship between 
SCPEN and SCPCLK is shown in Figures 6 through 9. 

SCPCLK 

Serial Control Port Clock Input (Pin 15) 

This input to the device is used for controlling the rate of 
transfer of data into and out of the SCP Interface. Data are 
clocked into the MCI 45540 ADPCM Codec from SCP Rx on 
rising edges of SCPCLK. Data are shifted out of the device 
on SCP Tx on falling edges of SCPCLK. SCPCLK can be 
any frequency fr om to 4.096 MHz. An SCP transaction 
takes place whe n SCPEN is brought low. Note that SCPCLK 
is ignored when SCPEN is high ( i.e., it may be continuous 
or it can operate in a burst mode). 

SCPTx 

Serial Control Port Transmit Output (Pin 16) 

SCP Tx is used to output control and status information 
from the MCI 45540 ADPCM Codec. Data are shifted out of 
SCP Tx on the falling edges of SCPCLK, most significant 
bit first. 

SCP Rx 

Serial Control Port Receive Input (Pin 17) 

SCP Rx is used to input control and status information to 
the MCI 45540 ADPCM Codec. Data are shifted into the 
device on rising edges of SCPCLK. SCP Rx is ignore d when 
data are being shifted out of SCP Tx or when SCPEN is high. 
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Figure 1. Long Frame Sync (64 kbps PCM Data Timing) 
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Figure 2. Long Frame Sync (32 kbps ADPCM Data Timing) 



FST (FSR) 



BCLKT (BCLKR) 



^^L^^^n^mjian^mnjmn^ 



DT 




1 


2 


o 


















DR 


DONT CARE 


1 


2 


3 


DONTCARE 



Figure 3. Long Frame Sync (24 kbps ADPCM Data Timing) 
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Figure 4. Long Frame Sync (16 kbps ADPCM Data Timing) 
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Figure 5. Short Frame Sync (32 kbps ADPCM Data Timing) 
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Figure 6. SCP Byte Register Write Operation Using Double 8-Bit Transfer 
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Figure 7. SCP Byte Register Read Operation Using Double 8-Bit Transfer 
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Figure 8. SCP Byte Register Write Operation Using Single 16-Bit Transff 
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Figure 9. SCP Byte Register Read Operation Using Single 16-Bit Transfer 



SERIAL CONTROL PORT (SCP) INTERFACE 

The MC1 45540 is equipped with an industry standard Serial 
Control Port (SCP) Interface. The SCP is used by an external 
controller, such as an M68HC05 family microcontroller, to 
communicate with the MC1 45540 ADPCM Codec. 

The SCP is a full-duplex, four-wire interface used to pass 
control and status information to and from the ADPCM Codec. 
The SCP Interface consists of a transmit output, a receive 
input, a data clock, and an enable signal. These de vice pins 
are known as SCP Tx, SCP Rx, SCPCLK, and SCPEN, 
respectively The SCPCLK determines the rate of exchange 
of data in both the transmit and receive directions, and the 
SCPEN signal governs when this exchange is to take place. 

The operation and configuration of the ADPCM Codec is 
controlled by setting the state of the control and status 
registers within the MC1 45540 and then monitoring these 
control and status registers. The control and status registers 
reside in sixteen 8-bit wide Byte Registers, BR0-BR15. A 
complete register map can be found in the Serial Control Port 
Registers section. 

BYTE REGISTER OPERATIONS 

The sixteen Byte Registers are addressed by addressing 
a four-bit byte register address (A3:A0) as shown in Figures 
6 and 7. A second 8-bit operation transfers the data word 
(D7:D0). Alternatively, these registers can be accessed with 
a single 16-bit operation as shown in Figures 8 and 9. 

ADPCM CODEC DEVICE DESCRIPTION 

The MC1 45540 is a single channel Mu-Law or A-Law 
companding PCM codec-filter with an ADPCM encoder/de- 
coder operating on a single voltage power supply from 2.7 
to 5.25 V. 

The MC1 45540 ADPCM Codec is a complete solution for 
digitizing and reconstructing voice in compliance with CCITT 
G.714, G.721, G.723, G.726 and ANSI T1.301 and T1.303 
for 64, 32, 24, and 16 kbps. This device satisfies the need 
for high quality, low power, low data rate voice transmission, 
and storage applications and is offered in 28-pin Plastic Dip 
and SOG packages. 

Referring to Figure 10, the main functional blocks of the 



MC1 45540 are the switched capacitor technology PCM 
codec-filter, the DSP based ADPCM encoder/decoder, and 
the voltage regulated charge pump. As an introduction to the 
functionality of the ADPCM Codec, a basic description of these 
functional blocks follows. 

PCM CODEC-FILTER BLOCK DESCRIPTION 

A PCM codec-filter is a device used for digitizing and 
reconstructing the human voice. These devices were 
developed primarily for the telephone network to facilitate 
voice switching and transmission. Once the voice is digitized, 
it may be switched by digital switching methods or transmitted 
long distance (T1, microwave, fiber optics, satellites, etc.) 
without degradation. The name codec is an acronym from 
"COder" for the analog-to-digital converter (ADC) used to 
digitize voice, and "DECoder" for the digital-to-analog 
converter (DAC) used for reconstructing voice. A codec is a 
single device that does both the ADC and DAC conversions. 

To digitize voice intelligibly requires a signal to distortion 
of about 30 dB for a dynamic range of about 40 dB. This may 
be accomplished with a linear 13-bit ADC and DAC, but will 
far exceed the required signal to distortion at amplitudes 
greater than 40 dB below the peak amplitude. This excess 
performance is at the expense of bits of data per sample. Two 
methods of data reduction are implemented by compressing 
the 13-bit linear scheme to companded 8-bit schemes. These 
companding schemes follow a segmented or "piecewise- 
linear" curve formatted as sign bit, three chord bits, and four 
step bits. For a given chord, all 1 6 of the steps have the same 
voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits, which increment. When the chord bits increment, 
the step bits double their voltage weighting. This results in an 
effective resolution of six bits (sign + chord + four step bits) 
across a 42-dB dynamic range (seven chords above 0, by 6 
dB per chord). There are two companding schemes used: 
Mu-255 Law specifically in North America and A-Law 
specifically in Europe. These companding schemes are 
accepted world wide. 
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In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the inband signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated from the 
signal by a high-pass filter before the analog-to-dlgital 
converter. 

The digital-to-analog conversion process reconstructs a 
staircase version of the desired inband signal which has 
spectral images of the Inband signal modulated about the 
sample frequency and its harmonics. These spectral images 
are called aliasing components which need to be attenuated 
to obtain the desired signal. The low-pass filter used to 
attenuate these aliasing components is typically called a 
reconstruction or smoothing filter. 

The MC1 45540 ADPCM Codec incorporates this codec 
function as one of its main functional blocks. 
ADPCM TRANSCODER BLOCK DESCRIPTION 

An Adaptive Differential PCM (ADPCM) transcoder is used 
to reduce the data rate required to transmit a PCM encoded 
voice signal while maintaining the voice fidelity and intelligibil- 
ity of the PCM signal. 

The ADPCM transcoder is used on both Mu-Law and A-Law 
64 kbps data streams which represent either voice or voice 
band data signals that have been digitized by a PCM 
codec-filter. The PCM to ADPCM encoder section of this 
transcoder has a type of linear predicting digital filter which 
is trying to predict the next PCM sample based on the previous 
history of the PCM samples. The ADPCM to PCM decoder 
section implements an identical linear predicting digital filter. 
The error or difference between the predicted and the true 
PCM input value is the information that is sent from the 
encoder to the decoder as an ADPCM word. The characteris- 
tics of this ADPCM word include the number of quantized steps 
(this determines the number of bits per ADPCM word) and 
the actual meaning of this word is a function of the predictor's 
output value, the error signal and the statistics of the history 
of PCM words. The term "adaptive" applies to the transfer 
function of the filter that generates the ADPCM word which 
adapts to the statistics of the signals presented to it. This 
means that an ADPCM word "3" does not have the same 
absolute error voltage weighting for the analog signal when 
the channel Is quiet as it does when the channel is processing 
a speech signal. The ADPCM to PCM decoder section has 
a reciprocating filter function which interprets the ADPCM 
word for proper reconstruction of the PCM sample. 

The adaptive characteristics of the ADPCM algorithm make 
it difficult to analyze and quantify the performance of the 
ADPCM code sequence. The 32 kbps algorithm was 
optimized for both voice and moderate speed modems 
(<4800 baud). This optimization includes that the algorithm 
supports the voice frequency band of 300-3400 Hz with 
minimal degradation for signal-to-distortion, gain-versus-lev- 
el, idle channel noise, and other analog transmission 
performance. This algorithm has also been subjected to 
audibilitytesting with many languages for Mean Opinion Score 
(MOS) ratings and performed well when compared to 64.kbps 
PCM. The standards committees have specified multiple 



1 6000 word test vectors for the encoder and for the decoder 
to verify compliance. To run these test vectors, the device must 
be initialized to the reference state by resetting the device. 
In contrast to 64-kbps PCM, the ADPCM words appear as 
random bit activity on an oscilloscope display whether the 
audio channel is processing speech or a typical PCM idle 
channel with nominal bit activity. The ADPCM algorithm does 
not support dc signals with the exception of digital quiet, which 
will result in all ones in the ADPCM channel. All digital 
processing is performed on 13-bit linearizations of the 8-bit 
PCM companded words, whether the words are Mu-Law or 
A-Law. This allows an ADPCM channel to be intelligibly 
decoded into a Mu-Law PCM sequence or an A-Law PCM 
sequence irrespective of whether it was originally digitized as 
Mu-Law or A-Law. There will be additional quantizing 
degradation if the companding scheme is changed because 
the ADPCM algorithm is trying to reconstruct the original 1 3-bit 
linear codes, which included companding quantization. 

CHARGE PUMP 

The charge pump is the functional block that allows the 
analog signal processing circuitry of the MC1 45540 to operate 
with a power supply voltage as low as 2.7 V. This analog signal 
processing circuitry includes the PCM codec-filter function, 
the transmit trim gain, the receive trim gain, the sidetone gain 
control, and the transmit input operational amplifier. This 
circuitry does not dissipate much current but it does require 
a nominal voltage of 5 V for the Vdd power supply. 

The charge pump block is a regulated voltage doubler which 
takes twice the current it supplies from the voltage applied 
to the VexT power supply pin which may range from 2.7 to 
5.25 V and generates the required 5 V VpD supply. The charge 
pump block receives as inputs the VexT supply voltage, the 
same 256 kHz clock that sequences the analog signal 
processing circuitry, and the Charge Pump Enable signal from 
the SCP block. It also makes use of the capacitor connected 
to the C1+ and C1- pins and the decoupling capacitor 
connected to the Vqd P'"- 

FUNCTIONAL DESCRIPTION 

POWER SUPPLY CONFIGURATION 
Analog Signal Processing Power Supply 

All analog signal processing is powered by the Vqd P'" 
at 5 V. This voltage may be applied directly to the Vdd P'" 
or 5 V may be obtained by the on-chip 5 V regulated charge 
pump which is powered from the VexT P'"- The VexT pin is 
the main positive power supply pin for this device. 

For applications that are not 5 V regulated, the on-chip 5 V 
regulated charge pump may be turned on and C1 will be 
required. Vdd will require a 1 .0 |iF decoupling capacitor to 
filter the voltage spikes of the charge pump. This allows the 
VexT power supply to be from 2.7 to 5.25 V. This mode of 
operation is intended for hand held applications where three 
NiCad cells or three dry cells would be the power supply. 

The on-chip 5 V regulated charge pump is a single stage 
charge pump that effectively series regulates the amount of 
voltage it generates and internally applies this regulated 
voltage to the Vdd P'n. This 5 V voltage is developed by 
connecting the external 0.1 ^iF capacitor (C1) between the 
VEXT power supply pin and the power supply ground pin, 
Vss- This puts a charge of as much as 2.7 V on C1 . The 
charge pump circuitry then connects the negative lead of CI 
to the Vext pin which sums the voltage of CI with the voltage 
at Vext ^or a minimum potential voltage of 5.4 V. The charge 
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voltage on C1 is regulated such that the summing of voltages 
is regulated to 5 V. This limits all of the voltages on the device 
to safe levels for this IC fabrication technology. This charge 
pumped voltage is then stored on the 1.0 ^iF capacitor 
connected at Vdd ^^d Vss. which filters and serves as a 
reservoir for power. The clock period for this charge pump 
Is the same 256 kHz as the analog sequencing clock, 
minimizing noise problems. 

For applications with a regulated 5 V (±5%) power supply, 
the Vdd pin and the VexT P'" are connected to the 5 V power 
supply. These pins may share one decoupling capacitor in 
this configuration as a function of external noise on the power 
supply. The on-chip, 5 V regulated charge pump should be 
turned off via the SCP port at register 0. The external 
capacitor (C1 ) should not be populated for these applications. 
Digital Signal Processing Power Supply 

This device has an on-chip series regulator which limits 
the voltage of the Digital Signal Processing (DSP) circuitry 
to about 3 V. This reduces the maximum power dissipation 
of this circuitry. From the VexT power supply pin, the DSP 
circuitry appears as a constant current load instead of a 
resistive (CV2/2) load for a constant clock frequency. This 
series regulator is designed to have a low drop-out voltage, 
which allows the DSP circuitry to work when the Vext voltage 
is as low as 2.7 V. The output of this regulator is brought out 
to the Vdsp pin ^or a 0.1 \iF decoupling capacitor. This 
regulator is not designed to power any loads external to the 
device. 

ANALOG INTERFACE AND SIGNAL PATH 
Transmit Analog 

The transmit analog portion of this device includes a low- 
noise, three terminal operational amplifier capable of driving 
a 2 kQ load. This op amp has inputs of TI+ and Tl- and its 
output is TG. This op amp is intended to be configured in an 
inverting gain circuit. The analog signal may be applied di- 
rectly to the TG pin if this transmit op amp is independently 
powered down. Power down may be achieved by connecting 
both the TI+ and Tl- inputs to the Vdd P'"- The TG pin be- 
comes high impedance when the transmit op amp is powered 
down. The TG pin is internally connected to a time continuous 
three-pole anti-aliasing pre-filter. This pre-filter incorporates 
a two-pole Butterworth active low-pass filter, followed by a 
single passive pole. This pre-filter is followed by a single- 
ended to differential converter that is clocked at 512 kHz. All 
subsequent analog processing utilizes fully differential circuit- 
ry. The output of the differential converter is followed by the 
transmit trim gain stage. This stage is intended to compen- 
sate for gain tolerances of external components such as 
microphones. The amount of gain control is 0-7 dB in 1 dB 
steps. This stage only accommodates positive gain because 
the maximum signal levels of the output of the input op amp 
are the same as the transmit filter and ADC, which should 
nominally be next to the clip levels of this device's circuitry. 
Any requirement for attenuation of the output of the input op 
amp would mean that it is being overdriven. The gain is pro- 
grammed via the SCP port in BR1 (b2:b0). The next section 
is a fully-differential, 5-pole switched-capacitor low-pass filter 
with a 3.4 kHz frequency cutoff. After this filter is a 3-pole 
switched-capacitor high-pass filter having a cutoff frequency 
of about 200 Hz. This high-pass stage has a transmission 
zero at dc that eliminates any do coming from the analog input 
or from accumulated op amp offsets in the preceding filter 
stages. (This high-pass filter may be removed from the signal 



path under control of the SCP port BR8 (b4).) The last stage 
of the high-pass filter is an autozeroed sample and hold 
amplifier. 

One bandgap voltage reference generator and digital-to- 
analog converter (DAC) are shared by the transmit and 
receive sections. The autozeroed, switched-capacitor band- 
gap reference generates precise positive and negative 
reference voltages that are virtually independent of tempera- 
ture and power supply voltage. A binary-weighted capacitor 
array (CDAC) forms the chords of the companding structure, 
while a resistor string (RDAC) implements the linear steps 
within each chord. The encode process uses the DAC, the 
voltage reference, and a frame-by-frame autozeroed compar- 
ator to implement a successive-approximation analog-to- 
digital conversion (ADC) algorithm. All of the analog circuitry 
involved in the data conversion (the voltage reference, RDAC, 
CDAC, and comparator) are implemented with a differential 
architecture. 

The nonlinear companded Mu-Law transfer curve of the 
ADC may be changed to 8-bit linear by BR8 (b5). 

The input to the ADC is normally connected to the output 
of the transmit filter section, but may be switched to measure 
the voltage at the VexT P'n for battery voltage monitoring. 
This is selected by the I/O Mode in BRO (b4:b3). In this mode, 
the ADC is programmed to output a linear 8-bit PCM word 
for the voltage at VexT which is intended to be read in BR9 
(b7:b0). The data format for the ADC output is a "Don't Care" 
for the sign bit and seven magnitude bits. The scaling for 
the ADC is for 6.3 V at VexT equals full scale (BIN X111 
1111). The ADPCM algorithm does not support dc signals. 
Transmit Digital 

The Digital Signal Processor (DSP) section of this device 
is a custom designed, interrupt driven, microcoded machine 
optimized for implementing the ADPCM algorithms. In the full 
duplex speech mode, the DSP services one encode interrupt 
and one decode interrupt perf rame (1 25 |i.s). The encode algo- 
rithm (i.e., 16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps 
PCM) is determined by the length of the transmit output enable 
at the FST pin. The length of the FST enable measured in 
transmit data clock (BCLKT) cycles tells the device which en- 
coding rate to use. This enable length information is used by 
the encoder each frame. The transmit ADPCM word corre- 
sponding to this request will be computed during the next 
frame and will be available a total of two frames after being 
requested. This transmit enable length information can be 
delayed by the device an additional four frames corresponding 
to a total of six frames. These six frames of delay allow the 
device to be clocked with the same clocks for both transmit 
(encode) and receive (decode), and to be frame aligned for 
applications that require every sixth frame signaling. It is im- 
portant to note that the enable length information is delayed 
and not the actual ADPCM (PCM) sample word. The amount 
of delay for the FST enable length is controlled in BR7 (b5). 
If the FST enable goes low before the falling edge of BCLKT 
during the last bit of the ADPCM word, the digital data output 
circuitry counts BCLKT cycles to keep the data output (DT 
pin) low impedance for the duration of the ADPCM data word 
(2, 3, 4, or 8 BCLKT cycles) minus one half of a BCLKT cycle. 
Receive 
Receive Digital 

The receive digital section of this device accepts serial 
ADPCM (PCM) words at the DR pin under the control of the 
BCLKR and FSR pins. The FSR enable duration, measured 
in BCLKR cycles, tells the device which decode algorithm (i.e., 
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16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps PCM) the 
DSP machine should use for the word that is being received 
at the DR pin. This algorithm may be changed on a frame by 
frame basis. 

The DSP machine receives an interrupt when an ADPCM 
word has been received and is waiting to be decoded into 
a PCM word. The DSP machine performs a decode and an 
encode every frame when the device is operating in its full 
duplex conversation mode. The DSP machine decodes the 
ADPCM word according to CCITT G.726 for 32 kbps, 24 
kbps, and 1 6 kbps. This decoding includes the correction for 
the CCITT/ANSI Sync function, except when the receive 
digital gain is used. The receive digital gain is anticipated to 
be user adjustable gain control in handset applications where 
as much as 12 dB of gain or more than 12 dB of attenuation 
may be desirable. The receive digital gain is a linear multiply 
performed on the 13-bit linear data before it is converted to 
Mu-Law or A-Law, and is programmed via the SCP port in 
BR3 (b7:b0). The decoded PCM word may be read via the 
SCP port in BRIO (b7:b0). 

Receive Analog Signal Processing 

The receive analog signal processing section includes the 
DAC described above, a sample and hold amplifier, a trim gain 
stage, a 5-po|e, 3400 Hz switched capacitor low-pass filter 
with sinX/X correction, and a 2-pole active smoothing filter to 
reduce the spectral components of the switched capacitor 
filter. (The receive low-pass smoothing filter may be removed 
from the signal path for the additional spectral components 
for applications using the on-chip tone generator function 
described below. This low-pass filter performs the sinX/X 
compensation. The receive filter is removed from the circuit 
via the SCP in BR2 (b4).) The input to the smoothing filter 
is the output to the receive trim gain stage. This stage is 
intended to compensate for gain tolerances of external 
components such as handset receivers. This stage is capable 
of to 7 dB of attenuation in 1-dB steps. This stage only 
accommodates attenuation because the nominal signal levels 
of the DAC should be next to the clip levels of this device's 
circuitry and any positive gain would overdrive the outputs. 
The gain is programmed via the SCP port in BR2 (b2:bO).The 
output of the 2-pole active smoothing filter Is buffered by an 
amplifier which is output at the RO pin. This output is capable 
of driving a 2 kQ load to the Vag P'"- 

Receive Analog Output Drivers and Power Supply 

The high current analog output circuitry (PO+, PO-, PI, 
AXO+, AXO-) is powered by the Vext power supply pin. 
Due to the wide range of Vext operating voltages for this 
device, this circuitry and the RO pin have a programmable 
reference point of either Vaq (2.4 V) or Vext/2. In 
applications where this device is powered with 5 V, it is 
recommended that the dc reference for this circuitry be 
programmed to Vag- This allows maximum output signals 
for driving high power telephone line transformer interfaces 
and loud speaker/ringers. For applications that are battery 
powered, Vag P'" will still be 2.4 V, but the receive analog 
output circuitry will be powered from as low as 2.7 V. To 
optimize the output power, this circuitry should be referenced 
to one half of the battery voltage, Vext/2. The RO pin is 
powered by the Vdd pin, but its dc reference point is 
programmed the same as the high current analog output 
circuitry. 

This device has two pairs of power amplifiers that are 
connected in a push-pull configuration. These push-pull 



power driver pairs have similar drive capabilities, but have 
different circuit configurations and different intended uses. 
The P0+ and PO- power drivers are intended to 
accommodate large gain ranges with precise adjustment by 
two external resistors for applications such as driving a 
telephone line or a handset receiver. The PI pin is the 
inverting input to the PO- power amplifier. The non-inverting 
input is internally tied to the same reference as the RO output. 
This allows this amplifier to be used In an inverting gain circuit 
with two external resistors. The P0+ amplifier has a gain of 
-1, and is internally connected to the PO- output. This 
complete power amplifier circuit is a differential (push-pull) 
amplifier with adjustable gain which is capable of driving a 
300 Q load to +1 2 dBm when VexT 's 5 V. The PO+ and PO- 
outputs are intended to drive loads differentially and not to 
Vss or Vag- The P0+ and PO- power amplifiers may be 
powered down independently of the rest of the chip by 
connecting the PI pin to Vdd or in BR2 (b5). 

The other paired power driver outputs are the AXO+ and 
AXO- Auxiliary outputs. These push-pull output amplifiers are 
intended to drive a ringer or loud speaker with impedance as 
low as 300 Q to +12 dBm when Vext "s 5 V. The AXO + 
and AXO- outputs are intended to drive loads differentially 
and notto Vss or VaG- The AXO + and AXO-power amplifiers 
may be powered down independently of the rest of the chip 
via the SCP port in BR2 (b6). 

SIDETONE 

The Sidetone function of this device allows a controlled 
amount of the output from the transmit filter to be summed 
with the output of the DAC at the input to the receive low-pass 
filter. The sidetone component has gains of -8.5 dB, -10.5 
dB, -12.0 dB, -13.5 dB, -15.0 dB, -18.0 dB, -21.5 dB, and 
< -70 dB. The sidetone function is controlled by the SCP port 
in BR1 (b6:b4). 

UNIVERSAL TONE GENERATOR 

The Universal Dual Tone Generator function supports both 
the transmit and the receive sides of this device. When the 
tone generator is being used, the decoder function of the DSP 
circuit is disabled. The output of the tone generator is made 
available to the input of the receive digital gain function for 
use at the receive analog outputs. In handset applications, 
this could be used for generating DTMF, distinctive ringing or 
call progress feedback signals. In telephone line interface 
applications, this tone generator could be used for signaling 
on the line. The tone generator output is also available for the 
input to the encoder function of the DSP machine for outputting 
at the DT pin. This function is useful in handset applications 
for non-network signaling such as information services, 
answering machine control, etc. At the network interface side 
of a cordless telephone application, this function could be used 
for dialing feedback or call progress to the handset. The tone 
generator function is controlled by the SCP port in BR4, BR5, 
and BR7. The tone generator does not work when the device 
is operated in 64 kbps mode, except when analog loopback 
is enabled at BRO (b5). 

POWER DOWN AND RESET 

There are two methods of putting all of this device into a 
low power consumption mode that makes the device 
nonfunctional and consumes virtually no power. PDI/RESET 
is the power down input and reset pin which, when taken low, 
powers down the device. Another way to power the device 
down is by the SCP port at BRO. BRO allows the analog section 
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of this device to be powered down individually and/orthe digital 
section of this device to be powered down individually. When 
the chip is powered down, the Vag. TG, RO, P0+, PO- 
AXO+, AXO-, DT and SCR Tx outputs a re high imped ance 
. To return the chip to the power up state, PDI/RESET must 
be high and the SPC clock and the FST or the FSR frame 
sync pulses must be present. The ADPCM algorithm is reset 
to the CCITT initial state following the reset transition from 
low to high logic states. The DT output will remain in a high 
impedance state for at least two FST pulses after power up. 
This device is functional after being reset for full-duplex voice 
coding with the charge pump active. 

SIGNAL PROCESSING CLOCK (SPC) 

This is the clock that sequences the DSP circuit. This clock 
may be asynchronous to all other functions of this device. 
Clock frequencies of 20.48 MHz or 20.736 MHz are 
recommended. This clock is also used to drive a digitally phase 
locked prescaler that is referenced to FST (8 kHz) and 
automatically determines the proper divide ratio to use for 
achieving the required 256 kHz internal sequencing clock for 
all analog signal processing, including analog-to-digital 
conversion, digital-to-analog conversion, transmit filtering, 
receive filtering and analog gain functions of this device and 
the charge pump. 

The analog sequencing function of the SPC clock may be 
eliminated by reprogramming the device to use the BCLKR 
pin as the direct input for the required 256 kHz analog 
sequencing clock. The 256 kHz clock applied at BCLKR must 
be an integer 32 times the FST 8 kHz clock and be 
approximately rising edge aligned with the FST rising edge. 
This mode requires that the transmit and receive ADPCM 
transfers be controlled by the BCLKT pin. This is repro- 
grammed via the SCP port in BR0(b7). 

DIGITAL I/O 

The MC1 45540 is programmable for Mu-Law or A-Law. The 
timing for the PCM data transfer is independent of the 
companding scheme selected. Table 1 shows the 8-bit data 
word format for positive and negative zero and full scale for 
both 64 kbps companding schemes (see Figures 1 through 
5 for asummary and comparison of the five PCM data interface 
modes of this device). 

Long Frame Sync 

Long Frame Sync is the industry name for one type of 
clocking format which controls the transfer of the ADPCM or 
PCM data words (see Figures 1 through 4). The "Frame Sync" 
or "Enable" is used for two specific synchronizing functions. 
The first is to synchronize the PCM data word transfer, and 
the second is to control the internal analog-to-digital and 
digital-to-analog conversions. The term "Sync" refers to the 
function of synchronizing the PCM data word onto or off of 



the multiplexed serial PCM data bus, also known as a PCM 
highway. The term "Long" comes from the duration of the frame 
sync measured in PCM data clock cycles. Long Frame Sync 
timing occurs when the frame sync is used directly as the PCM 
data output driver enable. This results in the PCM output going 
low impedance with the rising edge of the transmit frame sync, 
and remaining low impedance for the duration of the transmit 
frame sync. 

The implementation of Long Frame Sync for this device has 
maintained industry compatibility and been optimized for ex- 
ternal clocking simplicity. The PCM data output goes low 
impedance with the rising edge of the FST pin but the MSB 
of the data is clocked out due to the logical AND of the transmit 
frame sync (FST pin) with the transmit data clock (BCLKT pin). 
This allows either the rising edge of the FST enable or the 
rising edge of the BCLKT data clock to be first. This imple- 
mentation includes the PCM data output remaining low 
impedance until the middle of the LSB (seven and a half data 
clock cycles for 64 kbps PCM, three and a half data clock 
cycles for 32 kbps ADPCM, etc.). This allows the frame sync 
to be approximately rising edge aligned with the initiation of 
the PCM data word transfer but the frame sync does not have 
a precise timing requirement for the end of the PCM data word 
transfer. This prevents bus contention between similar de- 
vices on a common bus. The device recognizes Long Frame 
Sync clocking when the frame sync is held high for two consec- 
utive falling edges of the transmit data clock. 

In the full duplex speech mode, the DSP services one 
encode interrupt and one decode interrupt per frame (1 25 |is). 
The encode algorithm (i.e., 16 kbps, 24 kbps, or 32 kbps 
ADPCM or 64 kbps PCM) is determined by the length of the 
transmit output enable at the FST pin. The length of the FST 
enable measured in transmit data clock (BCLKT) cycles tells 
the device which encoding rate to use. This enable length 
information is used by the encoder each frame. The transmit 
ADPCM word corresponding to this request will be computed 
during the next frame and be available a total of two frames 
after being requested. This transmit enable length information 
can be delayed by the device an additional four frames 
corresponding to a total of six frames. This six frames of delay 
allows the device to be clocked with the same clocks for both 
transmit (encode) and receive (decode), and to be frame 
aligned for applications that require every sixth frame 
signaling. It is important to note that the enable length 
information is delayed and not the actual ADPCM (PCM) 
sample word. The amount of delay for the FST enable length 
is controlled by the SCP port at BR7 (b5). The digital data 
output circuitry counts BCLKT cycles to keep the data output 
(DT pin) low impedance for the duration of the ADPCM data 
word (2, 3, 4, or 8 BCLKT cycles) minus one half of a BCLKT 
cycle. 



Table 1. PCM Full Scale and Zero Words 



Level 


Mu-Law 


A-Law 


Sign Bit 


Chord Bits 


step Bits 


Sign Bit 


Chord Bits 


Step Bits 


+ Full Scale 


1 








1 


1 


10 10 


+ Zero 


1 


1 1 1 


1111 


1 


1 1 


10 1 


-Zero 





1 1 1 


1111 





1 1 


10 1 


- Full Scale 














1 


10 10 
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The length of the FST enable tells the DSP what encoding 
algorithm to use. The transmit logic decides on each frame 
sync whether it should interpret the next frame sync pulse as 
a Long or a Short Frame Sync. The device is designed to 
prevent PCM bus contention by not allowing the PCM data 
output to go low impedance for at least two frame sync cycles 
after power is applied or when coming out of the power-down 
mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit PCM data word. Thus the 
PCM digital switch only needs to be able to generate one type 
of frame sync for use by both transmit or receive sections of 
the device. 

The logical AND of the receive frame sync with the receive 
data clock tells the device to start latching the serial word into 
the receive data input on the falling edges of the receive data 
clock. The internal receive logic counts the receive data clock 
falling edges while the FSR enable is high and transfers the 
enable length and the PCM data word into internal registers 
for access by the DSP machine which also sets the DSP's 
decoder interrupt. 

The receive digital section of this device accepts serial 
ADPCM (PCM) words at the DR pin under the control of the 
BCLKR and FSR pins. The FSR enable duration measured 
in BCLKR cycles, tells the device which decode algorithm (i.e., 
16 kbps, 24 kbps, or 32 kbps ADPCM, or 64 kbps PCM) the 
DSP machine should use for the word that is being received 
at the DR pin. This algorithm may be changed on a frame by 
frame basis. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output and input the 
complete 8-bit PCM words using the long frame sync clocking 
format as though the FST and FSR pulses were held high for 
8 data clock cycles. 

The DSP machine receives an interrupt when an ADPCM 
word has been received and is waiting to be decoded into a 
PCM word. The DSP machine performs a decode and an 
encode every frame when the device is operating in its full 
duplex conversation mode. The DSP machine decodes the 
ADPCM word according to CCITT G.726 for 32 kbps, 24 kbps, 
and 16 kbps. 
Short Frame Sync 

Short Frame Sync is the industry name for this type of 
clocking format which controls the transfer of the ADPCM data 
words (see Figure 5). This device uses short frame sync timing 
for 32 kbps ADPCM only. The "Frame Sync" or "Enable" is 
used for two specific synchronizing functions. The first is to 



synchronize the ADPCM data word transfer, and the second 
is to control the internal analog to digital and digital to analog 
conversions. The term "Sync" refers to the function of 
synchronizing the ADPCM data word onto or off of the 
multiplexed serial ADPCM data bus, also known as a PCM 
highway. The term "Short" comes from the duration of the 
frame sync measured in PCM data clock cycles. Short Frame 
Sync timing occurs when the frame sync is used as a 
"pre-synchronization" pulse that is used to tell the internal logic 
to clock out the ADPCM data word under complete control 
of the data clock. The Short Frame Sync is held high for one 
falling data clock edge. The device outputs the ADPCM data 
word beginning with the following rising edge of the data clock. 
This results In the ADPCM output going low impedance with 
the rising edge of the transmit data clock, and remaining low 
impedance until the middle of the LSB (three and a half PCM 
data clock cycles). 

The device recognizes Short Frame Sync clocking when 
the frame sync is held high for one and only one falling edge 
of the transmit data clock. The transmit logic decides on each 
frame sync whether it should interpret the next frame sync 
pulse as a Long or a Short Frame Sync. It is not recommended 
to switch between Long Frame Sync and Short Frame Sync 
clocking without going through a power down cycle due to bus 
contention problems. The device is designed to prevent PCM 
bus contention by not allowing the ADPCM data output to go 
low impedance for at least two frame sync cycles after power 
is applied or when coming out of a powered down mode. 

The receive side of the device is designed to accept the 
same frame sync and data clock as the transmit side and to 
be able to latch its own transmit ADPCM data word. Thus the 
PCM digital switch only needs to be able to generate one type 
of frame sync for use by both transmit or receive sections of 
the device. 

The falling edge of the receive data clock (BCLKR) latching 
a high logic level at the receive frame sync (FSR) input tells 
the device to start latching the 4-bit ADPCM serial word into 
the receive data input on the following four falling edges of 
the receive data clock. The internal receive logic counts the 
receive data clock cycles and transfers the ADPCM data word 
to a register for access by the DSP. 

When the device is programmed to be in the PCM Codec 
mode by BRO (4:3), the device will output the complete 8-bit 
PCM word using the short frame sync clocking format. The 
8-bit PCM word will be clocked out (or in) the same way that 
the 4-bit ADPCM word would be, except that the fourth bit will 
be valid for the full BCLKT period and the eighth bit will be 
valid for only one half of the BCLKT period. 
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SERIAL CONTROL PORT REGISTER MAP 

The SCP register map consists of 1 6 byte registers. Registers BR0-BR5 and BR7-BR1 provide external control of and status 
of the part. Register BR1 5 holds the value of the mask number for the particular MC1 45540. BR6 and BR1 1 -BR1 4 are not defined 
and as such are presently reserved. 









Table 2 


. Byte Register Map 








Byte 


b7 


b6 


b5 


b4 


b3 


b2 


b1 


bO 


BRO 


Ext 

256 kHz 

Clk 


MU/A Law 
Select 


Analog 
Loopback 


I/O Mode 
(1) 


I/O Mode 
(0) 


Charge 
Pump 
Disable 


Analog 
Power 
Down 


Digital 
Power 
Down 


BR1 


Reserved 


Sidetone 
Gain (2) 


Sidetone 
Gain(1) 


Sidetone 
Gain (0) 


Transmit 
Mute 


Transmit 
Gain (2) 


Transmit 
Gain(1) 


Transmit 
Gain (0) 


BR2 


RO 

Reference 

Select 


AXO 
Enable 


PC 
Disable 


Receive 

Filter 

Disable 


RO Mute 


Analog 
Receive 
Gain (2) 


Analog 
Receive 
Gain(1) 


Analog 
Receive 
Gain (0) 


BR3 


Digital Rx 

Gain 

Enable 


Digital Rx 
Gain (6) 


Digital Rx 
Gain (5) 


Digital Rx 
Gain (4) 


Digital Rx 
Gain (3) 


Digital Rx 
Gain (2) 


Digital Rx 
Gain(1) 


Digital Rx 
Gain (0) 


BR4 


N.B. Time 

/Tone 

Param. 

(7) 


N.B. Time 

/Tone 

Param. 

(6) 


N.B. Time 

/Tone 

Param. 

(5) 


N.B. Time 

/Tone 

Param. 

(4) 


N.B.Time 

/ Tone 

Param. 

(3) 


N.B.Time 

/Tone 

Param. 

(2) 


N.B. Time 

/Tone 

Param. 

(1) 


N.B. Time 

/Tone 

Param. 

(0) 


BR5 


N.B. 
Threshold 

(7)/ 

Address 

Param. 

(1) 


N.B. 
Threshold 

(6)/ 
Address 
Param. 

(0) 


N.B. 
Threshold 
(5)/ 
Don't 
Care 


N.B. 
Threshold 
(4)/ 
Don't 
Care 


N.B. 
Threshold 
(3)/ 
Tone 
Param. 
(11) 


N.B. 
Threshold 
{2)1 
Tone 
Param. 
(10) 


N.B. 
Threshold 

(1)/ 

Tone 

Param. 

(9) 


N.B. 

Threshold 

(0)/ 

Tone 

Param. 

(8) 


BR6 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR7 


Tone 
Param. 
Status 


N.B. 
Detect 
Enable 


2/6 
Delay 


G.726/ 
Motorola 
16 kbps 


Tone 
Enable 


Reserved 


Tone 1 
Enable 


Tone 2 
Enable 


BR8 


Software 

Encoder 

Reset 


Software 

Decoder 

Reset 


Linear 
Codec 
Mode 


Highpass 
Disable 


Reserved 


Reserved 


Reserved 


Reserved 


BR9 


Encoder 
PCM (7) 


Encoder 
PCM (6) 


Encoder 
PCM (5) 


Encoder 
PCM (4) 


Encoder 
PCM (3) 


Encoder 
PCM (2) 


Encoder 
PCM(1) 


Encoder 
PCM (0) 


BR10 


D/A PCM 
(7) 


D/A PCM 
(6) 


D/A PCM 
(5) 


D/A PCM 
(4) 


D/A PCM 
(3) 


D/A PCM 
(2) 


D/A PCM 
(1) 


D/A PCM 
(0) 


BR11 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR12 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR13 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR14 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


Reserved 


BR15 


Reserved 


Reserved 


Reserved 


Reserved 


Mask (3) 


Mask (2) 


Mask(1) 


Mask (0) 



Note: "Setting" a bit corresponds to writing a 1 to the register and "clearing" a bit corresponds to writing a to the register. 
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Figure 11. MCI 45540 Handset Application 
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Figure 12. MC1 45540 Transformer Application 
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Figure 13. MCI 45540 Transformer + Speaker Application 
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Product Preview 

CT2 Speech and Framing IC 

This specification describes a device to be used in a CT2 CAI handset or a 
single or multi-line base station. It provides three key functions of a CT2 system: 
voice conversion from analog-to-digital, ADPCM encoding of the voice data, and 
bit framing for the radio (RF) interface. 

The CT2 Speech and Framing circuit (CT2SF) core is a combination of the 
MC1 45540 ADPCM/Codec and Time Division Duplex (TDD) bit framing logic. 

More details of the architecture of the ADPCM/Codec can be found in the 
MC145540 data sheet. 

Intended for both fixed and portable applications 

Single 2.7 to 5.25 V Power Supply 

Typical 3 V Power Dissipation of 85 mW, Power Down of 1 .2 mW 

Differential Analog Circuit Design for Lowest Noise 

Complete Mu-Law and A-Law Companding PCM Codec-Filter 

ADPCM Transcoder for 64, 32, 24, and 16 kbps Data Rates 

Universal Programmable Dual Tone Generator 

Programmable Transmit Gain, Receive Gain, and Sidetone Gain 

Low Noise, High Gain, Three Terminal Input Op Amp for Microphone Interface 

Push-Pull 300 Q Power Drivers with External Gain Adjust for Receiver Interface 

Push-Pull 300 Q. Auxiliary Output Drivers for Ringer Interface 

Voltage Regulated Charge Pump to Power the Analog Circuitry in Low Voltage 

Applications 
Receive Side Noise Burst Detect Algorithm 

Implements Transmit/Receive Bit Framing and D Channel Handler as Defined in 
CAI spec MPT1 375 

Includes D Channel Handler (Parity, CRC, SYNOD, Preamble, ...) 
8 Bits Parallel Control Port POP for MCU access of Internal Registers 
Timing Recovery Digital Phase-Locked Loop 
FSK Switched Capacitor Filter with Programmable Attenuation 
External Data Interface Enables Multiplexing of Speech and Data 
64- Pin PQFP Package 
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PCM Codec-Filter 

The MC1 45554, MC1 45557, MC1 45564, and MC1 45567 are all per channel 
PCM codec-filters. These devices perform the voice digitization and reconstruc- 
tion as well as the band limiting and smoothing required for PCf^ systems. They 
are designed to operate in both synchronous and asynchronous applications and 
contain an on-chip precision voltage reference. The MC1 45554 (Mu-Law) and 
MC1 45557 (A-Law) are general purpose devices that are offered in 16-pin pack- 
ages. The MC1 45564 (Mu-Law) and MC1 45567 (A-Law), offered in 20-pin 
packages, add the capability of analog loop-back and push-pull power amplifiers 
with adjustable gain. 

These devices have an input operational amplifier whose output is the input 
to the encoder section. The encoder section immediately low-pass filters the ana- 
log signal with an active R-C filter to eliminate very-high-frequency noise from 
being modulated down to the pass band by the switched capacitor filter. From 
the active R-C filter, the analog signal is converted to a differential signal. From 
this point, all analog signal processing is done differentially. This allows process- 
ing of an analog signal that is twice the amplitude allowed by a single-ended 
design, which reduces the significance of noise to both the inverted and non- 
inverted signal paths. Another advantage of this differential design is that noise 
injected via the power supplies is a common-mode signal that is cancelled when 
the inverted and non-inverted signals are recombined. This dramatically im- 
proves the power supply rejection ratio. 

After the differential converter, a differential switched capacitor filter band 
passes the analog signal from 200 Hz to 3400 Hz before the signal is digitized 
by the differential compressing A/D converter. 

The decoder accepts PCM data and expands it using a differential D/A conver- 
ter. The output of the D/A is low-pass filtered at 3400 Hz and sinX/X compensated 
by a differential switched capacitor filter. The signal is then filtered by an active 
R-C filter to eliminate the out of band energy of the switched capacitor filter. 

These PCM codec-filters accept both long-frame and short-frame industry 
standard clock formats. They also maintain compatibility with Motorola's family 
of TSACs and MC3419/MC34120 SLIC products. 

The MC1 45554/57/64/67 family of PCM codec-filters utilizes CMOS due to its 
reliable low-power performance and proven capability for complex analog/digital 
VLSI functions. 

MC145554/57 (16-Pin Package) 

• Fully Differential Analog Circuit Design for Lowest Noise 

• Performance Specified for Extended Temperature Range of - 40 to + 85°C 

• Transmit Band-Pass and Receive Low-Pass Filters On-Chip 

• Active R-C Pre-Filtering and Post-Filtering 

• Mu-Law Companding MCI 45554 

• A-Law Companding MC1 45557 

• On-Chip Precision Voltage Reference (2.5 V) 

• Typical Power Dissipation of 40 mW, Power Down of 1 .0 mW at ± 5 V 

MCI 45564/67 (20-Pin Package) 
All of the Features of the MC1 45554/57 Plus: 

• Mu-Law Companding MCI 45564 

• A-Law Companding MC1 45567 

• Push-Pull Power Drivers with External Gain Adjust 

• Analog Loop-Back 
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PIN ASSIGNMENTS 



MC1 45554, MCI 45557 



MCI 45564, MC1 45567 
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DEVICE DESCRIPTION 

A codec-filter is used for digitizing and reconstructing the 
liuman voice. These devices were developed primarily for the 
telephone network to facilitate voice switching and transmis- 
sion. Once the voice is digitized, it may be switched by digital 
switching methods or transmitted long distance (T1 , micro- 
wave, satellites, etc.) without degradation. The name codec 
Is an acronym from "COder" (for the A/D used to digitize voice) 
and "DECoder" (for the D/A used for reconstructing voice). 
A codec is a single device that does both the A/D and D/A 
conversions. 

To digitize intelligible voice requires a signal-to-distortlon 
ratio of about 30 dB over a dynamic range of about 40 dB. 
This can be accomplished with a linear 13-bit A/D and D/A, 
but will far exceed the required signal-to-distortion ratio at 
amplitudes greater than 40 dB below the peak amplitude. This 
excess performance is at the expense of data per sample. 
Methods of data reduction are Implemented by compressing 
the 13-bit linear scheme to companded 8-bit schemes. There 
are two companding schemes used: Mu-255 Law specifically 
in North America, and A-Law specifically In Europe. These 
companding schemes are accepted world wide. These 
companding schemes follow a segmented or "piecewise-lln- 
ear" curve formatted as sign bit, three chord bits, and four step 
bits. For a given chord, all sixteen of the steps have the same 
voltage weighting. As the voltage of the analog input 
increases, the four step bits increment and carry to the three 
chord bits which increment. When the chord bits increment, 
the step bits double their voltage weighting. This results In an 
effective resolution of six bits (sign + chord + four step bits) 
across a 42 dB dynamic range (seven chords above zero, by 
6 dB per chord). Tables 3 and 4 show the linear quantization 
levels to PCM words for the two companding schemes. 

In a sampling environment, Nyquist theory says that to 
properly sample a continuous signal, it must be sampled at 
a frequency higher than twice the signal's highest frequency 
component. Voice contains spectral energy above 3 kHz, but 
its absence is not detrimental to intelligibility. To reduce the 
digital data rate, which is proportional to the sampling rate, 
a sample rate of 8 kHz was adopted, consistent with a 
bandwidth of 3 kHz. This sampling requires a low-pass filter 
to limit the high frequency energy above 3 kHz from distorting 
the in-band signal. The telephone line is also subject to 50/60 
Hz power line coupling, which must be attenuated from the 
signal by a high-pass filter before the A/D converter. 

The D/A process reconstructs a staircase version of the 
desired in-band signal, which has spectral images of the in- 
band signal modulated about the sample frequency and its 
harmonics. These spectral images, called aliasing compo- 
nents, need to be attenuated to obtain the desired signal. The 
low-pass filter used to attenuate these aliasing components 
is typically called a reconstruction or smoothing filter. 

The MCI 45554/57/64/67 PCM codec-filters have the 
codec, both presampling and reconstruction filters, and a 
precision voltage reference on chip, and require no external 
components. 



PIN DESCRIPTION 



DIGITAL 



FSr 

Receive Frame Sync 

This is an 8 kHz enable that must be synchronous with 
BCLKr. Following a rising FSr edge, a serial PCM word at 
Dr Is clocked by BCLKr into the receive data register. FSr 



also initiates a decode on the previous PCM word. In the 
absence of FSx, the length of the FSr pulse is used to 
determine whether the I/O conforms to the short frame sync 
or long frame sync convention. 

Dr 

Receive Digital Data Input 

BCLKr/CLKSEL 

Receive Data Clock and Master Clock Frequency 

Selector 

If this input is a clock. It must be between 1 28 kHz and 4.096 
MHz, and synchronous with FSr. In synchronous applications 
this pin may be held at a constant level; then BCLKx is used 
as the data clock for both the transmit and receive sides, and 
this pin selects the assumed frequency of the master clock 
(see Table 1 in Functional Description). 

IVICLKr/PDN 

Receive Master Clock and Power Down Control 

Because of the shared DAC architecture used on these 
devices, only one master clock is needed. Whenever FSx is 
clocking, MCLKx is used to derive all internal clocks, and the 
MCLKr/PDN pin merely serves as a power-down control. If 
MCLKr/PDN pin is held low or is clocked (and at least one 
of the frame syncs is present), the part is powered up. If this 
pin is held high, the part is powered down. If FSx 's absent 
but FSr is still clocking, the device goes into receive 
half-channel mode, and MCLKr (if clocking) generates the 
Internal clocks. 

MCLKx 

Transmit Master Clock 

This clock is used to derive the Internal sequencing clocks; 
it must be 1.536 MHz, 1.544 MHz, or 2.048 MHz. 

BCLKx 

Transmit Data Clock 

BCLKx may be any frequency between 128 kHz and 4.096 
MHz, but it should be synchronous with MCLKx- 

Dx 

Transmit Digital Data Output 

This output Is controlled by FSx and BCLKx to output the 
PCM data word; othenwise this pin is in a high-Impedance 
state. 

FSx 

Transmit Frame Sync 

This is an 8 kHz enable that must be synchronous with 
BCLKx- A rising FSx ©dge initiates the transmission of a seri- 
al PCM word, clocked by BCLKx, out of Dx- If the FSx pulse 
is high for more than eight BCLKx periods, the Dx and TSx 
outputs will remain in a low-impedance state until FSx >s 
brought low. The length of the FSx pulse is used to determine 
whether the transmit and receive digital I/O conforms to the 
short frame sync or to the long frame sync convention. 

Transmit Time Slot Indicator 

This is an open-drain output that goes low whenever the 
Dx output Is in a low-impedance state (i.e., during the transmit 
time slot when the PCM word Is being output) for enabling 
a PCM bus driver. 

ANLB 

Analog Loop-Back Control Input (MC1 45564/67 Only) 

When held high, this pin causes the input of the transmit 
RC active filter to be disconnected from GSx and connected 
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to VPO+ for analog loop-back testing. This pin is held low in 
normal operation. 

ANALOG 

GSx 

Gain-Setting Transmit 

This output of the transmit gain-adjust operational amplifier 
is internally connected to the encoder section of the device. 
It must be used In conjunction with VFxl- and VFxl+ to set 
the transmit gain for a maximum signal amplitude of 2.5 V 
peak. This output can drive a 600 Q load to 2.5 V peak. 

VFxI- 

Voice-Frequency Transmit Input (Inverting) 

This is the inverting input of the transmit gain-adjust 
operational amplifier. 

VFxl+ 

Voice-Frequency Transmit Input 

(Non-Inverting) 

This is the non-inverting Input of the transmit gain-adjust 
operational amplifier. 

VFrO 

Voice-Frequency Receive Output 

This receive analog output is capable of driving a 600 Q 
load to 2.5 V peak. 

VPI 

Voltage Power Input (MC1 45564/67 Only) 

This is the inverting input to the first receive power amplifier. 
Both of the receive power amplifiers can be powered down 
by connecting this input to Vbb- 

VPO- 

Voltage Power Output (Inverted) (MC1 45564/67 Only) 

This inverted output of the receive push-pull power 
amplifiers can drive 300 Q to 3.3 V peak. 

VPO+ 

Voltage Power Output (Non-Inverted) 

(MC1 45554/67 Only) 

This non-inverted output of the receive push-pull power 
amplifier pair can drive 300 Q to 3.3 V peak. 

POWER SUPPLY 

GNDA 
Analog Ground 

This terminal is the reference level for all signals, both 
analog and digital. It is V. 

vcc 

Positive Power Supply 

Vcc 's typically 5 V. 

Vbb 

Negative Power Supply 

Vbb 's typically - 5 V. 

FUNCTIONAL DESCRIPTION 

ANALOG INTERFACE AND SIGNAL PATH 

The transmit portion of these codec/filters Includes a low- 
noise gain setting amplifier capable of driving a 600 Q. load. 
Its output is fed to a three-pole anti-aliasing pre-filter. This 
pre-f liter incorporates a two-pole Buttenrt/orth active low-pass 



filter, and a single passive pole. This pre-filter is followed by 
a single ended-to-differential converter that is clocked at 256 
kHz. All subsequent analog processing utilizes fully differential 
circuitry. The next section is a fully-differential, five-pole 
switched capacitor low-pass filter with a 3.4 kHz passband. 
After this filter Is a 3-pole switched-capacitor high-pass filter 
having a cutoff frequency of about 200 Hz. This high-pass 
stage has a transmission zero at dc that eliminates any dc 
coming from the analog input or from accumulated operational 
amplifier offsets in the preceding filter stages. The last stage 
of the high-pass filter is an autozeroed sample and hold 
amplifier. 

One bandgap voltage reference generator and digital-to- 
analog converter (DAG) are shared by the transmit and re- 
ceive sections. The autozeroed, switched-capacitor band- 
gap reference generates precise positive and negative refer- 
ence voltages that are independent of temperature and 
power supply voltage. A binary-weighted capacitor array 
(GDAG) forms the chords of the companding structure, while 
a resistor string (RDAG) implements the linear steps within 
each chord. The encode process uses the DAG, the voltage 
reference, and a frame-by-frame autozeroed comparator to 
implement a successive-approximation conversion algo- 
rithm. All of the analog circuitry involved in the data 
conversion— the voltage reference, RDAG, GDAG, and 
comparator — are implemented with a differential architec- 
ture. 

The receive section includes the DAG described above, a 
sample and hold amplifier, a five-pole 3400 Hz switched ca- 
pacitor low-pass filter with sinX/X correction, and a two-pole 
active smoothing filter to reduce the spectral components of 
the switched capacitor filter. The output of the smoothing filter 
is a power amplifier that is capable of driving a 600 Q load. 
The MG1 45564 and MC1 45567 add a pair of power amplifiers 
that are connected in a push-pull configuration; two external 
resistors set the gain of both of the complementary outputs. 
The output of the second amplifier may be internally con- 
nected to the input of the transmit anti-aliasing filter by 
bringing the ANLB pin high. The power amplifiers can drive 
unbalanced 300 Q loads or a balanced 600 Q. load; they may 
be powered down independent of the rest of the chip by tying 
the VPI pin to Vbb- 
MASTER CLOCKS 

Since the codec-filter design has a single DAG architec- 
ture, only one master clock is used. In normal operation (both 
frame syncs clocking), the MGLKx is used as the master 
clock, regardless of whether the MGLKr/PDN pin is clocking 
or low. The same is true if the part is in transmit half-channel 
mode (FSx clocking, FSr held low). But if the codec-filter is 
in the receive half-channel mode, with FSr clocking and FSx 
held low, MGLKr is used for the internal master clock If it is 
clocking; if MGLKR is low, then MGLKx Is still used for the 
internal master clock. Since only one of the master clocks is 
used at any given time, they need not be synchronous. 

The rnaster clock frequency must be 1.536 MHz, 1.544 
MHz, or 2.048 MHz. The frequency that the codec-filter ex- 
pects depends upon whether the part is a Mu-iaw or an A-law 
part, and on the state of the BGLKr/GLKSEL pin. The allow- 
able options are shown In Table 1 . When a level (rather than 
a clock) is provided for BGLKr/GLKSEL, BGLKx is used as 
the bit clock for both transmit and receive. 
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Table 1. Master Clock Frequency Determination 



BCLKr/CLKSEL 


Master Clock Frequency Expected 


MC1 45554/64 


MC1 45557/67 


Clocked, 1, or Open 


1.536 MHz 
1.544 MHz 


2.048 MHz 





2.048 MHz 


1.536 MHz 
1.544 MHz 



FRAME SYNCS AND DIGITAL I/O 

These codec-filters can accommodate both of the industry 
standard timing formats. The long frame sync mode is used 
by Motorola's MCI 45500 family of codec-filters and the UDLT 
family of digital loop transceivers. The short frame sync mode 
is compatible with the IDL (interchip Digital Link) serial format 
used in Motorola's ISDN family and by other companies in 
their telecommunication devices. These codec-filters use the 
length of the transmit frame sync (FSx) to determine the timing 
format for both transmit and receive unless the part is 
operating in the receive half-channel mode. 

In the long frame sync mode, the frame sync pul ses m ust 
be at least three bit clock periods long. The Dx and TSx out- 
puts are enabled by the logical ANDing of FSx ^nd BCLKx; 
when both are high, the sign bit appears at the Dx output. 
The next seven rising edges of BCLKx clock ou t the remain- 
ing seven bits of the PCM word. The Dx and TSx outputs 
return to a high impedance state on the falling edge of the 
eighth bit clock or the falling edge of FSx, whichever comes 
later. The receive PCM word is clocked into Dr on the eight 
falling BCLKr edges following an FSr rising edge. 

For short frame sync operation, the frame sync pulses 
must be one bit clock period long. On the first BCLKx rising 
edge after t he fa lling edge of BCLKx has latched FSx high, 
the Dx and TSx outputs are enabled and the sign bit is pres- 
ented on Dx- The next seven rising edges of BCLKx clock 
out the remaining seven bits of t he P CM word; on the eighth 
BCLKx falling edge, the Dx and TSx outputs return to a high 
impedance state. On the second falling BCLKr edge follow- 



ing an FSr rising edge, the receive sign bit is clocked into 
Dr. The next seven BCLKr falling edges clock in the remain- 
ing seven bits of the receive PCM word. 

Table 2 shows the coding format of the transmit and receive 
PCM words. 
HALF-CHANNEL MODES 

In addition to the normal full duplex operating mode, these 
codec-filters can operate in both transmit and receive half- 
channel modes. Transmit half-channel mode is entered by 
holding FSr low. The VFrO output goes to analog ground 
but remains in a low impedance state (to facilitate a hybrid 
interface); PCM data at Dr is Ignored. Holding FSx 'ow while 
clocking FSr puts these devices in the receive half-channel 
mode. In this state, the transmit input operational amplifier 
continues to operate, but t he rest of the transmit circuitry Is 
disabled; the Dx and TSx outputs remain In a high Imped- 
ance state. MCLKr is used as the internal master clock if it 
is clocking. If MCLKr is not clocking, then MCLKx is used 
for the internal master clock, but in that case it should be syn- 
chronous with FSr. If BCLKr is not clocking, BCLKx will be 
used for the receive data, just as In the full channel operating 
mode. In receive half-channel mode only, the length of the 
FSr pulse is used to determine whether short frame sync or 
long frame sync timing is used at Dr. 
POWER DOWN 

Holding both FSx and FSr low causes the part to go into 
the power down state. Power down occurs approximately 2 
ms after the last frame sync pulse is received. An alternative 
way to put these devices in power down Is to hold the 
MC LKr/ PDN pin high. When the chip is powered down, the 
Dx. TSx, and GSx outputs are high Impedance, the VFrO, 
VPO-, and VPO+ operational amplifiers are biased with a 
trickle current so that their respective outputs remain stable 
at analog ground. To return the chip to the power up state, 
MCLKr/ PDN must be low or clocking and at le ast on e of the 
frame sync pulses must be present. The Dx and TSx outputs 
will remain in a high-impedance state until the second FSx 
pulse after power up. 



Table 2. PCM Data Format 





Mu-Law (MCI 45554/64) 


A-Law(MC1 45557/67) 


Level 


Sign Bit 


Chord Bits 


step Bits 


Sign Bit 


Chord Bits 


step Bits 


+ Full Scale 


1 


000 


0000 


1 


01 


1010 


+ Zero 


1 


1 1 1 


1111 


1 


101 


0101 


-Zero 





1 1 1 


1111 





101 


0101 


- Full Scale 





000 


0000 





010 


1 01 
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MAXIMUM RATINGS (Voltage Referenced to GNDA) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage Vcc to Vbb 
Vcc to GNDA 
Vbb to GNDA 




-0.5 to + 13 
-0.3 to +7.0 
-7.0 to +0.3 


V 


Voltage on Any Analog Input or Output Pin 




Vbb -0.3 to 
Vcc + 0.3 


V 


Voltage on Any Digital Input or Output Pin 




GNDA -0.3 to 
Vcc + 0.3 


V 


Operating Temperature Range 


Ta 


-40 to +85 


°c 


Storage Temperature Range 


Tstg 


-85 to + 150 


°c 



This device contains circuitry to pro- 
tect against damage due to high static 
voltages or electric fields; however, it is 
advised that normal precautions be tak- 
en to avoid application of any voltage 
higher than maximum rated voltages to 
this high impedance circuit. For proper 
operation it is recommended that Vjp 
and Vout be constrained to the range 
VsS^(VinorVout)^VDD. 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
Vbb. GNDA, or Vcc)- 



POWER SUPPLY (Ta = - 40 to + 85°C) 



Characteristic 


Min 


Typ 


Max 


Unit 


DC Supply Voltage Vcc 

Vbb 


4.75 
-4.75 


5.0 
-5.0 


5.25 
-5.25 


V 


Active Power Dissipation (No Load) MC1 45554/57 

MC1 45564/67 
MC145564/67,VPI = Vbb 


- , 


40 
45 
40 


60 
70 
60 


mW 


Power Down Dissipation (No Load) MC1 45554/57 

MCI 45564/67 
MC145564/67.VPI = Vbb 


- 


1.0 
2.0 
1.0 


3.0 
5.0 
3.0 


mW 



DIGITAL LEVELS (Vcc = 5 V ± 5%, Vbb = - 5 V ± 5%, GNDA = V, Ta = - 40 to + 85°C) 



Characteristic 


Symbol 


Min 


Max 


Unit 


Input Low Voltage 


V|L 


- 


0.6 


V 


Input High Voltage 


V|H 


2.2 


- 


V 


Output Low Voltage Dx or TSx, Iql = 3-2 mA 


Vol 


— 


0.4 


V 


Output High Voltage Dx, lOH = - 3-2 mA 

IOH = -'l-6mA 


VOH 


2.4 
Vcc -0.5 


— 


V 


Input Low Current GNDA <Vin^ Vcc 


l|L 


-10 


+ 10 


jiA 


Input High Current GNDA <Vjn^ Vcc 


l|H 


-10 


+ 10 


^A 


Output Current in High Impedance State GNDA ^ Dx ^ Vcc 


loz 


-10 


+ 10 


JiA 
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ANALOG ELECTRICAL CHARACTERISTICS 

(Vcc = + 5 V ± 5%, Vbb = -5 V ± 5%, VFxl - Connected to GSx, Ta = -40 to + 85''C) 



Characteristic 


Min 


Typ 


Max 


Unit 


Input Current (- 2.5 ^ Vjn ^ + 2.5 V) VFxl +. VFxl - 


- 


±0.05 


±0.2 


jiA 


AC Input Impedance to GNDA (1 kHz) VFxl +. VFxl - 


10 


20 


- 


Mn 


Input Capacitance VFxl +» VFxl - 


- 


- 


10 


PF 


Input Offset Voltage of GSx OP Amp VFxl +. VFxl - 


- 


- 


±25 


mV 


Input Common Mode Voltage Range VFxl +. VFxl "" 


-2.5 


— 


2.5 


V 


Input Common Mode Rejection Ratio VFxl +. VFxl - 


- 


65 


- 


dB 


Unity Gain Bandwidth of GSx OP Amp (R|oad ^ 10 kfl) 


- 


1000 


- 


kHz 


DC Open Loop Gain of GSx OP Amp (Rjoad ^ 1 kfl) 


75 


- 


- 


dB 


Equivalent Input Noise (C-Mess) Between VFxl+ and VFxl- a* GSx 


- 


-20 


- 


dBrnCO 


Output Load Capacitance for GSx Op Amp 





- 


100 


pF 


Output Voltage Range for GSx R|oad = 1 kQ to GNDA 

R|oad = 600 Q to GNDA 


-3.5 
-2.8 


— 


+3.5 
+2.8 


V 


Output Current (- 2.8 V ^ VquI ^ + 2.8 V) GSx, VFrO 


±5.0 


- 


- 


mA 


Output Impedance VFrO (0 to 3.4 kHz) 


- 


1 


- 


n 


Output Load Capacitance for VFrO 





- 


500 


pF 


VFrO Output DC Offset Voltage Referenced to GNDA 


- 


- 


±100 


mV 


Transmit Power Supply Rejection Positive, to 100 kHz, C-Message 

Negative, to 100 kHz, C-Message 


45 
45 


— 


— 


dBC 


Receive Power Supply Rejection Positive, to 1 00 kHz, C-Message 

Positive, 4 kHz to 25 kHz 

Positive, 25 kHz to 50 kHz 

Negative, to 100 kHz, C-Message 

Negative, 4 kHz to 25 kHz 

Negative, 25 kHz to 50 kHz 


50 
50 
43 
50 
45 
38 


- 


- 


dBC 
dB 
dB 

dBC 
dB 
dB 


MCI 45564/67 Power Drivers | 


Input Current (- 1 V < VPI ^ + 1 V) VPI 


— 


±0.05 


±0.5 


^tA 


Input Resistance (- 1 V < VPI < + 1 V) VPI 


5 


10 


- 


Ma 


Input Offset Voltage (VPI Connected to VPO-) VPI 


- 


- 


±50 


mV 


Output Resistance, Inverted Unity Gain VPO + or VPO- 


- 


1 


- 


Q. 


Unity Gain Bandwidth, Open Loop VPO- 


- 


400 


- 


kHz 


Load Capacitance (<« fl > R|oad ^ 300 Q) VPO + or VPO- to GNDA 





- 


1000 


pF 


Gain from VPO- to VPO+ {R|oad = 300 SI, VPO + to GNDA Level at VPO- 
= 1.77Vrms,+3dBmO) 


— 


-1 


— 


V/V 


Maximum dBmO Level for Better than ± 0.1 dB Linearity Over the Rjoad = 600 Q 
Range -1 dBmO to +3 dBmO (For R|oad between VPO+ and VPO-) R|oad = 1200 i2 

R|oad = 10kQ 


3.3 
3.5 
4.0 


- 


- 


Vrms 


Power Supply Rejection of Vqc or Vbb (VPO- Connected to VPI) to 4 kHz 
VPO + or VPO- to GNDA 4 to 50 kHz 


55 
35 


— 


— 


dB 


Differential Power Supply Rejection of Vqc or Vbb (VPO- Connected to VPI) 

VPO+toVPO-,0to50kHz 


50 


_ 


— 


dB 
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ANALOG TRANSMISSION PERFORMANCE 

(Vcc = +5 V ± 5%, Vbb = -5 V ± 5%, GNDA = V, dBmO = 1 .2276 Vrms = +4 dBm @ 600 Q, FSx = FSr = 8 kHz, 

BCLKx = MCLKx = 2.048 MHz Synchronous Operation, VFxl- Connected to GSx, Ta = - 40 to + 85°C Unless Othenwise Noted) 



Characteristic 


End-to-End 


A/D 


D/A 


Unit 


Min 


Max 


Min 


Max 


Min 


Max 


Absolute Gain (0 dBmO @ 1 .02 kHz, Ta = 25°C, Vqc = 5 V, Vbb = - 5 V) 


— 


— 


-0.25 


+ 0.25 


-0.25 


+ 0.25 


dB 


Absolute Gain Variation with Temperature to 70°C 

-40to + 85°C 


— 


— 


— 


±0.03 
±0.06 


_ 


±0.03 
±0.06 


dB 


Absolute Gain Variation with Power Supply (Vcc = 5 V, ± 5%, 
Vbb = -5V,±5%) 


— 


— 


— 


±0.02 


— 


±0.02 


dB 


Gain vs Level Tone (Relative to - 1 dBmO, 1 .02 kHz) + 3 to - 40 dBmO 

-40to-50dBmO 
- 50 to - 55 dBmO 


-0.4 
-0.8 
-1.6 


+ 0.4 
+ 0.8 
+ 1.6 


-0.2 
-0.4 
-0.8 


+ 0.2 
+ 0.4 
+ 0.8 


-0.2 
-0.4 
-0.8 


+ 0.2 
+ 0.4 
+ 0.8 


dB 


Gain vs Level Pseudo Noise CCITT G.71 2 - 1 to - 40 dBmO 
(MCI 45557/67 A-Law Relative to - 1 dBmO) - 40 to - 50 dBmO 

-50to-55dBmO 






-0.25 
-0.30 
-0.45 


+ 0.25 
+ 0.30 
+ 0.45 


-0.25 
-0.30 
-0.45 


+ 0.25 
+ 0.30 
+ 0.45 


dB 


Total Distortion, 1 .02 kHz Tone (C-Message) + 3 dBmO 

to - 30 dBmO 

- 40 dBmO 
-45dBmO 

- 55 dBmO 


33 
35 
29 
24 
15 


- 


33 
36 
30 
25 
15 


- 


33 
36 
30 
25 
15 


- 


dBC 


Total Distortion With Pseudo Noise CCITT G.71 4 - 3 dBmO 
(MCI 45557/67 A-Law) -6to-27dBmO 

- 34 dBmO 

- 40 dBmO 

- 55 dBmO 


27.5 
35 
33.1 
28.2 
13.2 


- 


28 
35.5 
33.5 
28.5 
13.5 


- 


28.5 
36 

34.2 
30 
15 


- 


dB 


Idle Channel Noise (For End-End and A/D, Note 1 ) 
(MCI 45554/64 Mu-Law, C-Message Weighted) 
(MCI 45557/67 A-Law, Psophometric Weighted) 


- 


15 
-70 


- 


15 
-70 


- 


7 
-83 


dBmCO 
dBmOp 


Frequency Response (Relative to 1 .02 kHz @ dBmO) 1 5 Hz 

50 Hz 

60 Hz 

200 Hz 

300 to 3000 Hz 

3300 Hz 

3400 Hz 

4000 Hz 

4600 Hz 


-0.3 
-0.70 
-1.6 


-40 
-30 
-26 

+ 0.3 
+ 0.3 


-28 
-60 


-1.0 
-0.15 
-0.35 
-0.8 


-40 
-30 
-26 
-0.4 
+ 0.15 
+ 0.15 


-14 
-32 


-0.15 
-0.15 
-0.15 
-0.15 
-0.15 
-0.35 
-0.8 






+ 0.15 
+ 0.15 


-14 
-30 


dB 


In-Band Spurious 300 to 3000 Hz 
(1 .02 kHz @ dBmO, Transmit and Receive) 


— . 


-48 


— 


-48 


— 


-48 


dBmO 


Gut-of-Band Spurious at VFrO (300-3400 Hz @ dBmO In) 

4600 to 7600 Hz 

7600 to 8400 Hz 

8400 to 100,000 Hz 


- 


-30 
-40 
-30 


- 


- 


- 


-30 
-40 
-30 


dB 


Idle Channel Noise Selective (8 kHz, Input = GNDA, 30 Hz Bandwidth) 


— 


-70 


— 


— 


— 


-70 


dBmO 


Absolute Delay (1600 Hz) 


— 


— 


— 


315 


— 


215 


\is 


Group Delay Referenced to 1 600 Hz 500 to 600 Hz 

600 to 800 Hz 
800to1000Hz 
1000 to 1600 Hz 
1600 to 2600 Hz 
2600 to 2800 Hz 
2800 to 3000 Hz 


- 




- 


220 
145 
75 
40 
75 
105 
155 


-40 
-40 
-40 
-30 


90 
125 
175 


^s 


Crosstalk of 1020 Hz @ dBmO from A/D or D/A (Note 2) 


— 


— 


— 


-75 


— 


-75 


dB 


Intermodulation Distortion of Two Frequencies of Amplitudes 
-4 to -21 dBmO from the Range 300 to 3400 Hz 


— 


-41 


— 


-41 


— 


-41 


dB 



NOTES: 

1 . Extrapolated from a 1 020 Hz @ -50 dBmO distortion measurement to correct for encoder enhancement. 

2. Selectively measured while the A/D is stimulated with 2667 Hz @ -50 dBmO. 
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DIGITAL SWITCHING CHARACTERISTICS 

Vcc = 5 V ± 5%, Vbb = - 5 V ± 5%, GNDA = V, All Signals Referenced to GNDA;Ta = - 40 to + 85°C, C|oad = 1 50 pF Un- 
less Otherwise Noted 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 


Master Clock Frequency MCLKx or MCLKr 


fM 


z 


1.536 
1.544 
2.048 


E 


MHz 


Minimum Pulse Width High or Low MCLKx or MCLKr 


tw(M) 


100 


— 


— 


ns 


Minimum Pulse Width High or Low BCLKx or BCLKr 


tw(B) 


50 


- 


- 


ns 


Minimum Pulse Width Low FSx or FSr 


tw(FL) 


50 


— 


— 


ns 


Rise Time for all Digital Signals 


tr 


— 


— 


50 


ns 


Fall Time for all Digital Signals 


tf 


— 


— 


50 


ns 


Bit Clock Data Rate BCLKx or BCLKr 


fB 


128 


— 


4096 


kHz 


Setup Time from BCLKx Low to MCLKr High 


tsu(BRM) 


50 


- 


- 


ns 


Setup Time from MCLKx High to BCLKx Low 


tsu(MFB) 


20 


- 


- 


ns 


Hold Time from BCLKx (BCLKr) Low to FSx (FSr) High 


th(BF) 


20 


- 


- 


ns 


Setup Time for FSx (FSr) High to BCLKx (BCLKr) Low for Long Frame 


tsu(FB) 


80 


- 


- 


ns 


Delay Time from BCLKx High to Dx Data Valid 


td(BD) 


20 


60 


140 


ns 


Delay Time from BCLKx High to TSx Low 


td(BTS) 


20 


50 


140 


ns 


Delay Time from the 8th BCLKx Low of FSx Low to Dx Output Disabled 


td(ZC) 


50 


70 


140 


ns 


Delay Time to Valid Data from FSx or BCLKx, Whichever is Later 


td(ZF) 


20 


60 


140 


ns 


Setup Time from Dr Valid to BCLKx Low 


tsu(DB) 





- 


— 


ns 


Hold Time from BCLKr Low to Dr Invalid 


th(BD) 


50 


— 


— 


ns 


Setup Time from FSx (FSr) High to BCLKx (BCLKr) Low in Short Frame 


tsu(F) 


50 


- 


- 


ns 


Hold Time from BCLKx (BCLKr) Low to FSx (FSr) Low in Short Frame 


th(F) 


50 


- 


- 


ns 


Hold Time from 2nd Period of BCLKx (BCLKr) Low to FSx (FSr) Low in 
Long Frame 


th(BFI) 


50 


— 


— 


ns 
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MCLKy 
MCLKr 




BCLKx 



DX 



/ MSB Y CH1 V CH2 V CHS Y ST1 V ST2 Y ST3 VlSbS- 



BCLKr 



FSr 



Dr 



t 


th(BF) _ 

sulF)-* 

7 


r 






3^ 


L. 


/\J^\J^\J^\^ 


/s\ 




tsu(DB)-^ 
-< MSB X CHI X 


C 


H2 


<-th(BD) 

)( CH3 )( ST1 )( ST2 X ST3 \ 


x3 



-th(BD) 



Figure 1. Short Frame Sync Timing 
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MCLKy 
MCLKr 



BCLKx 




DX 



td(ZF)- 



h'mSbY cm Y CH2 Y 



CH3 



td(BD) td(zc)- 



• td(ZC) 



BCLKr 



FSr 




Dr 



/mSB^^ CH1 Y CH2 Y CH3 V ST1 Y ST2 Y ST3 Y LSB ^ 



Figure 2. Long Frame Sync Timing 



-5V- 



ANALOG OUT- 
+ 5V 



2 



1.544 MHz/ 
2.048 MHz - 

ADCPM IN - 



Vbb 


VFxl + 


GNDA 


VFxI- 


VFrO 


GSx 


^^ MCI 45554/57 


TS5^ 


FSr 


FSx 


Dr 


Dx 


BCLKr/CLKSEL 


BCLKx 


MCLKr/ PDN 


MCLKx 



jCJ 



POWER DOWN - 



MODE 

DDO 

DDE 

DDC 

DDI 

DIE 

PD/RESET 

VSS 



MCI 45532 



16 
15"=" 



■AAAr- ANALOG IN 



■ TX TIME SLOT 



Vdd 

EDO 
EOE 
EDC 
EDI 
EIE 
SPC 
ADP 



■ + 5V 



8 kHz 



• ADPCM OUT 



20.48 MHz 



Figure 3. ADPCI\/I Transcoder Application 
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MC33120 



1N4002 
-48 V 



RING<- 



8 kHz SYNC 




TOPCMHWY 



NOTE: Six resistors and two capacitors can be 5% tolerance. 



Figure 4. A Complete Single Party Channel Unit Using MCI 45554/57 PCIVI Codec/Filter and MC33120 SLIC 
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+ 5V 



"S" TRANSCEIVER 
MC145474P 



LAP-D/LAP-B CONTROLLER 



S INTERFACE 




Vdd 

ISET 
TX+ 



TX- 



RX+ 



TE/NT 

SYNC 

CLK 

RX 

TX 

DREQ 

DGRT 



SEL 

CLK 

RX 



IRQ 
^SS RESET 

XTAL EXTAL 



aoppJI^* 

I 



15.36 MHz 

HDH 



+5V +5V 
4 I I 52,2,9 



MC145488 



I 




MC145554P 



+ MIC (RED) 
-RCVR 
(WHITE) 

-MIC(BLK) 



VFrO Vcc 

FSx.FSr 

MCLK,BCLK 
VFxl- Dx 

GSx Dr 

VFxk W 

GNDA Vbb 



+ 5V 

liJ 

12,5 



10,7,8,9 



59,45 



55,49 



56,48 



h 



CODEC/FILTER _5v 



51,36,21 



r 



Vdd 

SYNC 0,1 

CLK 0, 1 

TX0,1 

RXO.I 

DREQ1 

DGNT1 

SCPE1 

SCPEO 
SCP CLK 
SCPTXD 
SCP RXD 



vss 



DO 

D1 

D2 

D3 

D4 

D5 

D6 

D7 

D8 

D9 

D10 

D11 

D12 

D13 

D14 

D15 

A1 

A2 

A3 

A4 

A5 

A6 

A7 

A8 

A9 

A10 

All 

A12 

A13 

A14 

A15 

OWNO 

0WN1 

MCLK 

QS 

R/W 

AS 

LDS 

UPS 

RST 

lACK 

IRQ 

DTACK 

BERR 

BR 

BG 



BGACK 



MPU 
BUS 



Figure 5. ISDN Voice/Data Terminal 
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Table 3. Mu-Law Encode-Decode Characteristics 



Chord 
Number 


Number 
of Steps 


Step 
Size 


Normalized 

Encode 

Decision 

Levels 


Digital Code 


Normalized 
Decode 
Levels 


1 


2 


3 


4 


5 


6 


7 


8 


Sign 


Chord 


Chord 


Chord 


Step 


Step 


Step 


Step 














8 


16 


256 


8159 


1 




















8031 


7903 






4v3iy 


1 








1 


1 


1 


1 


4191 


7 


16 


128 


■- 4UOO 






2143 


1 








1 1 


1 


1 


1 


2079 


6 


16 


64 








QQ1 


1 





1 


1 


1 


1 


1 


1023 


5 


16 


32 










1 





1 


1 1 


1 


1 


1 


495 


4 


16 


16 










1 


1 





1 


1 


1 


1 


231 


3 


16 


8 








lUO 


1 


1 





1 1 


1 


1 


1 


99 


2 


16 


4 








OO 


1 


1 


1 


1 


1 


1 


1 


33 


1 


15 


2 


— Ol 






3 


1 


1 


1 


1 1 


1 


1 





2 


1 


1 


— 


1 


1 


1 


1 1 


1 


1 


1 


















NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes inverison of all magnitude bits. 
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Table 4. 


A-Law Encode-Decode Characteristics 








Chord 
Number 


Number 
of Steps 


Step 
Size 


Normalized 

Encode 

Decision 

Levels 


Digital Code 


Normalized 
Decode 
Levels 


1 


2 


3 


4 


5 


6 


7 


8 


Sign 


Chord 


Chord 


Chord 


Step 


Step 


Step 


Step 














7 


16 


128 




10 10 1 





1 





4032 


3968 








10 10 


1 





1 


2112 


6 


16 


64 








lUoo 


10 11 


1 





1 


1056 


5 


16 


32 


IU^4 








1 


1 





1 


528 


4 


16 


16 








dLld. 


10 10 


1 





1 


264 


3 


16 


8 


dxyo 






136 


1110 


1 





1 


132 


2 


16 


4 








bo 


11110 


1 





1 


66 


1 


32 


2 


04 






2 


110 10 


1 





1 


1 








u 







NOTES: 

1 . Characteristics are symmetrical about analog zero with sign bit = for negative analog values. 

2. Digital code includes alternate bit inversion, as specified by CCITT. 
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Product Preview 

ISDN U-lnterface TVansceiver II 

The MC1 45572 is a second generation Integrated Services Digital Network 
U-lnterface Basic Access Transceiver. The MC1 45572 is an enhancement of 
the MC145472/MC14LC5472 with low power consumption, fewer pins, fewer 
external components, and increased digital interface functionality. It provides 
144 kbps full duplex data transmission on twisted pair loops up to 18,000 feet 
or 5.5 km in length. 

• Single Chip 2B1Q, Echo Cancelling, Adaptively Equalized Transceiver 

• Conforms to the ANSI T1 .601 , "... ISDN Basic Access Interface for Application 

for Use on Metallic Loops for Application on the Network Side of the NT 
(Layer 1 Specification)" and to ETSI Standards 

• Extended Maintenance Functions Provided Through Control Interface 

• Automatic Embedded Operations Channel Mode 

• All Maintenance Functions are Provided on Chip 

• Pin Selectable LT/NT Mode of Operation 

• Low Power CMOS 

• Maximum 300 mW Power Consumption When Activated 

• 44-Lead Surface Mount Package 

• Selectable Between IDL and GCI Interfaces 

• Six Programmable Timeslot Assignors 

• 8-kHz Reference Clock Input 

• Serial or Parallel Control Interfaces 

• Optional D Channel Interface 

• Optional Access to D Channel Through Control Interface 

• Software Compatible with MC145472/MC14LC5472 

• IDL Data Alignable to U-lnterface Superframe for Transmit and Receive 

• Fewer External Components in Line Interface Circuit 

• Voltage Controlled Crystal Oscillator only Requires an External Crystal 



MCI 45572 



This document contains information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MCI 45572 BLOCK DIAGRAM 
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INTERFACE 
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FIFO 



2B+D 



SUPERFRAME 
FRAMER 
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ANDGCI 

CONTROLLER 



Rx 
FIFO 



2B+D 
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CONTROLLER 



CONTROL 

interface"" 



CONTROL PORT 

INTERFACE 
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REGISTER 
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Product Preview 
ISDN S/T Interface 
TVansceiver II 



MCI 45574 



The MC1 45574 is the Motorola second generation ISDN S/T Interface Trans- 
ceiver. The MC1 45574 provides an economical VLSI Layer 1 interface for the 
transportation of two 64 kpbs B channels and one 16 kbps D channel between 
the network termination (NT) and terminal equipment (TE) applications. The 
MC1 45574 conforms to CCITT 1.430 and ANSI T1.605 specifications. 

The MC1 45574 provides the modulation line drive and demodulation/line re- 
ceive functions required of the interface. In addition, the MC1 45574 provides 
the activation/deactivation, error monitoring, framing, bit, and octet timing. The 
MC1 45574 provides the control signals for the interface to the Layer 2 devices. 
Complete multiframe capability is provided. 

Backwards compatible with the MC1 45475 

Conforms to CCITT 1.430 and ANSI T1.605 Specifications 

Detects Far-End Code Violations (FECVs) in the NT Mode 

Pin Selectable NT or TE Modes of Operation 

Industry Standard Microprocessor SCP Interface 

Incorporates IDL and IDL2 Interfaces 

Supports 1 :2.5 Transformers for Transmit and Receive 

IDL2 Interface has Time Slot Assignment Capability 

GCI Compatible (General Circuit Interface) 

Supports Full Range of S/T and IDL Loopbacks 

Enhanced S&Q Multiframing Capability 

Reduced Power Consumption 

NT1 Star Mode of Operation 

Incorporates all the Features of the MC1 45474 

Supports TE Slave/Slave Mode for PBX Applications 

Supports NT Terminal Mode for NT1/TA Applications 



PIN ASSIGNMENT 



ISET C 

RxN [ 

RxP [ 

TE/NT_L C 

MASTER/SLAVE_L C 

TFSC/TCLK/DSTB/FIX C 

vssc 

GCI_SG/DGRANT/ANDout C 

DREQ/ANDjn C 

CLASS/DJN/ECHOJN [ 

IDL_FSC/IDL_FSR/GCLFSC C 

IDL_DCL/GCLDCL [ 

IDL.Djn/GCLDjn [ 

IDL_Dout/GCLDout t 




RESET_L 

TxP 

TxN 

XTAL 

EXTAL 

3V REG.GUTPUT 

OUTPUT_DRIVER_Vdd 

Vdd 

SCP_IRQ_L 

tsen/idl_fst/gclbcl 

scp_en_l/gclen_l 

scp_clk/gcls2/ggi_m2 

SCP_Rx/GCI_S1/GCLM1 
SCP_Tx/GCLSO/GCLMO 



This document contains Information on a product under development. Motorola reserves the right to change or discontinue this product without notice. 
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MC145574 BLOCK DIAGRAM 
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Product Preview 
3.3-Volt-Only 
Driver/Receiver With an 
Integrated Standby Mode 

EIA-232E and CCITT V.28 

The MC1 45583 is a CMOS transceiver composed of three drivers and five 
receivers that fulfills the electrical specif ications of EIA-232E, EIA-562, and CCITT 
V.28 while operating from a single +3.3 or +5.0 V power supply. This transceiver 
is a high-performance, low-power consumption device that is equipped with a 
Standby function. 

A voltage tripler and inverter converts the + 3.3 V to ±8.8 V, or a voltage doubler 
and inverter converts the +5.0 V to ±8.8 V. This is accomplished through an on- 
board 40 kHz oscillator and five inexpensive external electrolytic capacitors. 

Drivers: 

• ±6.0 Output Swing at 3.3 or 5.0 V power supply 

• 300 Q, Power-Off Impedance 

• Output Current Limiting 

• Three-State Outputs During Standby Mode 

Receivers: 

• ±25 V Input Range 

• 3 to 7 kQ Input Impedance 

• 0.8 V Hysteresis for Enhanced Noise Immunity 

• Three-State Outputs During Standby Mode 

Charge Pumps: 

• +3.3 V to ±8.8 V Triple Charge Pump Architecture or + 5.0 V to ±8.8 V 

Doubler Charge Pump Architecture 

• Requires Five Inexpensive Electrolytic Capacitors 

• On-Chip 40 kHz Oscillators 

Ring IVIonitor Circuit: 

• Invert the Input Level on Rx1 to Logic Output Level on RIMON at Standby 

Mode 
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PIN ASSIGNMENTS 



05+ [ 

gnd[ 

05- [ 
RIMON [■ 

vss[ 
stbQ- 

Rxl[- 
Rx2[- 
Rx3[- 
Txl[ 
Rx4[ 
Tx2 



28 ] 02 + 
27 ] Vcc 
26 ] 02- 
25 ] 01 + 
24]C1- 
23 ] Vdd 
i-{^^ 22.-|doi 



RING 

MONITOR 

CIRCUIT 

(INVERTING) 






M:^^' 






Rx5[-!3— pC^ ^] DOS 



Tx3 [ -W_Q_^^r]_!5. -] DI3 



3 D02 
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Product Preview 

Time Slot Interchange 

Circuit 

The MC1 45601 time slot interchange circuit (TSIC) is a CMOS IC designed 
for switching pulse code modulation 9PCM) voice or data, under microprocessor 
control, in a digital exchange or central office. It connects any of 256 incoming 
PCM channels to any of 256 outgoing PCM channels. 

• 5 V Supply 

• 8 X 32 Channel Input 

• 8 X 32 Channel Output 

• 256 Port Non-blocking Digital Switching Matrix 

• Building Block for Digital PABX 

• Expandable to Larger Capacity Block 

• 32 Serial Channels Per Frame 

• Typical Bit Rate: 2.048 Mbps 

• Typical Synchronization Rate: 8 kHz 

• Interface to MC88XXX Family Microprocessors 

• 8 Instructions Available 

• 40-Pin Dual-ln-Line Package 
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Product Preview 

PCM Conference Circuit 

The MC1 45611 PCM conference circuit is an HCMOS device designed for 
voice conference in a digital (PCM) telephone switch such as a TDM PABX. The 
device is capable of providing mixing of up to eight channels (parties) such that 
every parly can hear when one or more parties speak at the same time. 

The technique of level priority coding Is used. It provides a low cost means 
of mixing of PCM voice codes for voice conference application. 

• 20-Pin Dual-ln-Llne Package 

• Single +5 V Power Supply 

• Support Standard Mu-Law or A-Law PCM Codes 

• Directly Off the PCM Highways 

• 4.096 MHz Clock, 8 kHz Frame Sync, and Serial PCM Data Comply with 

Codec Timing Used In the PABX System 

• One-Frame Delay to PCM Data 

• Built-in Time Slot Assignment Circuit 

• Serial Data with MCU Interface 

• 8 Parties Conference in Single Group or Split into Two Groups 

• Intrusion Party Channel Time Slot Assignment Provided 

• Built-in Maskable Tone Signalling. Tone Level and Frequency External 

Adjustable 
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PIN ASSIGNMENT 



DCI[ 1* 


20 


FSC 


2 


19 


PCMjn [ 


3 


18 


PCMout[4 


17 


PCM EN [ 5 


16 


Mu/A[ 


6 


15 


CTS[ 7 


14 


CS[ 


8 


13 


DN[ 9 


12 


vss[ 


10 


11 



^ Vdd 
] NC 
] TSAO 
] TE2 
]TE1 
] TL3 
] TL2 
] TL1 
]TF 
] DCLK 



NC = NO CONNECTION 



5^ Up ^^ 



L I :^ s.^^-^ ^--^ x\^^^* kl! ;? r;\;' ^ ^v-^ ^; \i ^^..^^ r.-^^ I^.v^ 



This document contains Information on a new product under development. Motorola reserves the right to change or discontinue this product without notice. 



MC1 45611 
2-928 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



Product Preview 

5-Volt-Only Driver/Receiver With 

an Integrated Standby Mode 

EIA-232-E and CCITT V.28 

The MC 145705/06/07 are a series of silicon-gate CMOS transceiver ICs that 
fulfill the electrical specifications of EIA-232-E and CCITT V.28 while operating 
from a single +5 V power supply. These transceiver series are high performance 
and low power consumption devices that are equipped with standby and output 
enable function. 

A voltage doubler and inverter convert the +5 V to ±1 V. This is accomplished 
through an on-board 20 kHz oscillator and four inexpensive external electrolytic 
capacitors. 

The MC1 45705 is composed of two drivers and three receivers, the MCI 45706 
has three drivers and two receivers, and the MC1 45707 has three drivers and 
three receivers. These drivers and receivers are virtually identical to those of 
the MCI 45407. 

Available Driver/Receiver Combinations 



MCI 45705 
MCI 45706 
MCI 45707 



Device 


Drivers 


Receivers 


No. of Pins 


MC1 45705 


2 


3 


20 


MC1 45706 


3 


2 


20 


MC1 45707 


3 


3 


24 



Drivers: 

• ±7.5 Output Swing 

• 300 Q Power-Off Impedance 

• Output Current Limiting 

• TTL and CMOS Compatible Inputs 

• Three-State Outputs During Standby Mode 

• Hold Output OFF (MARK) State by TxEN Pin 

Receivers: 

• ±25 V Input Range 

• 3 to 7 kQ Input Impedance 

• 0.8 V Hysteresis for Enhanced Noise Immunity 

• Three-State Outputs During Standby Mode 

Charge Pumps: 

• +5 to ±10 V Dual Charge Pump Architecture 

• Supply Outputs Capable of Driving Three Drivers on 

the MC1 45403/06 Simultaneously 

• Requires Four Inexpensive Electrolytic Capacitors 

• On-Chip 20 kHz Oscillators 
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PIN ASSIGNMENTS 



MCI 45705 
2 Drivers/3 Receivers 




Tx2[-Ji-<3U<P-] 



MC1 45706 
3 Drlvers/2 Receivers 



C2- [ 3 
VssC 4 

STB [ 5 
6 



Rx1 [■ 
Tx2[" 
Rx2[- 
Tx3[- 



C2+ D 1 • 20 ] C1+ 

GND q 2 19 ] Vcc 

18 ] C1- 
17 ]Vdd 

i^]TxEN 

Tx1[p Q^|^o<lJ^]DI1 






]D01 



DI2 



]D02 



MC145707 
3 Drivers/3 Receivers 




NC = NO CONNECTION 
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FUNCTION DIAGRAM 



CHARGE PUMPS 



osc 



vcc 
o 



C3 -,- 



VOLTAGE 
DOUBLER 



Vdd 



C1 



VOLTAGE 
INVERTER 



C2 



GND 



I 



^ 



04 



o — HI * o 

C1- " + 01+ 02+ + 02- 



vss 



RECEIVER 



Vdd Vdd 



15 kQ 



.4 kQ > i ^ 

i Vss 



*Protection Circuit 



STB V VCO 



r& 




DO 



•1.0V 



L^ 1-8V 



DRIVER 



STB TxEN 
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MAXIMUM RATINGS (Voltage Polarities Referenced to GND) 



Rating 


Symbol 


Value 


Unit 


DC Supply Voltage 


vcc 


-0.5 to +6.0 


V 


Input Voltage Rx1-3 Inputs 
DM -3 Inputs 


V|R 


Vss-15toVDD+15 
-0.5 to Vcc+0-5 


V 


DC Current Per Pin 


1 


±100 


mA 


Power Dissipation 


Pd 


1 


W 


Operating Temperature Range 


ta 


-40 to +85 


°C 


Storage Temperature Range 


f?tq 


-85 to +150 


*»C 



This device contains protection circuitry 
to guard against damage due to high static 
voltages or electric fields. However, pre- 
cautions must be taken to avoid applica- 
tions of any voltage higher than maximum 
rated voltages to this high-impedance cir- 
cuit. For proper operation, It is recom- 
mended that the voltage at the Dl and DO 
pins be constrained to the range 
GND < Vdi ^ VDDandGND<VDO^ Vcc- 
Also, the voltage at the Rx pin should be 
constrained to (Vss- 15 V) < Vrx1-Rx3 ^ 
(VoD+l 5 V), and Tx should be constrained 
to Vss ^ Vtx1-Tx3 ^ Vdd- 

Unused inputs must always be tied to 
an appropriate logic voltage level (e.g., 
GND or Vcc ^r Dl, and GND for Rx). 



RECOMMENDED OPERATING LIMITS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Power Supply 


Vcc 


4.5 


5 


5.5 


V 


Operating Temperature Range 


Ta 


-40 


— 


85 


"C 



DC ELECTRICAL CHARACTERISTICS (Voltage polarities referenced to GND = V; C1-C4 = 10 ^F; Ta = -40 to +85°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


DC Power Supply 


Vcc 


4.5 


5 


5.5 


V 


Quiescent Supply Current (Output Unloaded, Input Low) 


Ice 


— 


1.7 


3.5 


mA 


Quiescent Supply Current (Stand-By Mode) (Output Unloaded, Input Open) 


«CC(STB) 


— 


<10 


20 


ha 


Control Signal Input Voltage (STB, TxEN) 
Logic Low 

Logic High 


V|L 
V|H 


VcC-0-5 




0.5 


V 


Control Signal Input Current Logic Low (TxEN) 
Logic High (STB) 


l|L 
l|H 


— 


— 


-10 
10 


HA 


Charge Pumps Output Voltage (CI, C2, C3, C4 = 10 ^F) 
Output Voltage (Vqd) 'load = mA 
l|oad = 5mA 
l|oad = 10mA 

Output Voltage (Vss) 'load = mA 
'load = 5 mA 
l|oad = 10mA 


Vdd 
Vss 


8.5 
7.5 
6.0 


10.0 
9.5 
9.0 


11 


V 


-8.5 
-7.5 
-6.0 


-10.0 
-9.2 
-8.6 


-11 



RECEIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V; Vcc = +5 V ±10%; C1-C4 = 10 ^F; Ta = -40 to +85°C) 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Input Turn-On Threshold (Vdo1-D03 = Vql) 
Rx1-Rx3 


Von 


1.35 


1.8 


2.35 


V 


Input Turn-Off Threshold (Vd01-D03 = Vqh) 
Rx1-Rx3 


Voff 


0.75 


1 


1.25 


V 


Input Threshold Hysteresis (Von = Voff) 
Rx1-Rx3 


Vhys 


0.6 


0.8 


— 


V 


Input Resistance 


Rin 


3 


5.4 


7 


kfl 


High-Level Output Voltage (D01-D03) 
lout = -20^lA 
Vrx1-Rx3 = -3 to -25 V lout = -1 mA 


VOH 


vcc-0.1 

Vcc-0.7 


4.3 


— 


V 


Low-Level Output Voltage (D01-D03) 
lout = +20 ^lA 
Vrx1-Rx3 = +3 to +25 V lout = +1 -6 mA 


Vol 




0.01 
0.5 


0.1 
0.7 


V 
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DRIVER ELECTRICAL SPECIFICATIONS 

(Voltage polarities referenced to GND = V; Vqc = +5 V ±10%; 01-04 = 10 ^F; Ta = -40 to +85°C) 



Parameter 


Symbol 


MIn 


Typ 


Max 


Unit 


Digital Input Voltage DI1-DI3 
Logic Low 
Logic High 


V|L 
V|H 


2 


- 


0.8 


V 


Input Current DI1-DI3 
Vdi = GND 

Vdi = voo 


l|L 
l|H 


- 


7 


±1.0 


^A 


Output High VoltageTx1-Tx3 

(VDI1-DI3 = Logic Low, Rl = 3 kCl) 
Tx1-Tx6* 


VOH 


6 
5 


7.5 
6.5 




V 


Output Low Voltage Tx1-Tx3 

(VDI1-DI3 = Logic High, Rl = 3 kQ) 
1x1 -Tx6* 


Vol 


-6 
-5 


-7.5 
-6.5 




V 


Off Source Impedance Tx1-Tx3 


Zoff 


300 


- 


— 


Q 


Output Short Circuit Current (Vqc = 5.5 V) 
Tx1-Tx3 Shorted to GND** 
Tx1-Tx3 Shorted to ±15 V*** 


isc 


- 


- 


±60 
±100 


mA 



* Specifications for a MC14570X powering a MC145406 or MC145403 with three additional drivers/receivers. 
** Specification is for one Tx output to be shorted at a time. Should all three driver outputs be shorted simultaneously, device power dissipation 

limits could be exceeded. 
***This condition could exceed package limitations. 

SWITCHING CHARACTERISTICS (Vqc = +5 V, ±10%; C1-C4 = 10 ^F; Ta = -40 to +85°C) 

I Symbol | Min | Typ | 



I Unit I 



Parameter 



Max 



Drivers 



Propagation Delay Time Tx1-Tx3 
Low-to-High 

(Rl = 3 kQ, Cl - 50 pF or 2500 pF) 
High-to-Low 

(Rl = 3 ka, Cl = 50 pF or 2500 pF) 


tPLH 




0.5 


1 


^ls 


tPHL 




0.5 


1 


Output Slew Rate Txl -7x3 
Minimum Load (Rl = 7 kQ, Cl = pF) 

Maximum Load (Rl = 3 kQ, Cl = 2500 pF) 


SR 





±6 


±30 


V/^s 


— 


±5 


— 


Output Disable Time 


tDAZ 


— 


4 


10 


^IS 


Output Enable Time 


tDZA 


— 


25 


50 


ms 



Receivers 



Propagation Delay Time D01-D03 
Low-to-High 

High-to-Low 


tPLH 


• 





1 


^ls 


tPHL 


— 


— 


1 


Output Rise Time D01-D03 


tr 


— 


250 


400 


ns 


Output Fall Time D01-D03 


tf 


— 


40 


100 


ns 


Output Disable Time 


tRAZ 


— 


4 


10 


HS 


Output Enable Time 


tR^A 


— 


25 


50 


ms 



TRUTH TABLE 
Drivers 



Receivers 



Dl 


TxEN 


STB 


Tx 


X 


X 


H 


Z* 


X 


L 


L 


L 


H 


H 


L 


L 


L 


H 


L 


H 



Rx 


STB 


DO 


X 


H 


Z* 


H 


L 


L 


L 


L 


H 



*GND <Vdo ^ Vcc X = Don't Care 



*Vss ^Vjx ^ Vdd X = Don't Care 
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PIN DESCRIPTIONS 

Vcc 

Digital Power Supply 

This digital supply pin is connected to the logic power supply 
This pin should have a 0.33 nF capacitor to ground. 

GND 
Ground 

Ground return pin is typically connected to the signal ground 
pin of the EIA-232D connector (Pin 7) as well as to the logic 
power supply ground. 

vdd 

Positive Power Supply 

This is the positive output of the on-chip voltage doubler 
and the positive power supply input of the driver/receiver 
sections of the device. This pin requires an external storage 
capacitor to filter the 50% duty cycle voltage generated by the 
charge pump. 

vss 

Negative Power Supply 

This is the negative output of the on-chip voltage 
doubler/inverter and the negative power supply input of the 
driver/receiver sections of the device. This pin requires an 
external storage capacitor to filter the 50% duty cycle voltage 
generated by the charge pump. 

TxEN 
Output Enable 

This is the driver output enable pin. When this pin is in logic 
low level, the condition of the driver outputs (Tx1-Tx3) are 
in keep OFF (mark) state. 

STB 
Stand-By 

The device enters the stand-by mode while this pin is 
connected to the logic high level. During the stand-by mode, 
driver and receiver output pins become high-impedance state. 
In this condition, supply current Ice 's below 10 |iA (Typ) and 
can be operated with low current consumption. 



C2+, C2-, C1+, C1- 

Voltage Doubler And inverter 

These are the connections to the internal voltage doubler 
and inverter, which generate the Vdd ^^^ Vss voltages. 

Rx1,Rx2(Rx3) 
Receive Data input 

These are the EIA-232-E receive signal inputs. A voltage 
between +3 and +25 V is decoded as a space, and causes 
the corresponding DO pin to swing to ground (0 V). A voltage 
between -3 and -25 V is decoded as a mark, and causes the 
DO pin to swing up to Vcc- 

D01,D02(D03) 
Data Output 

These are the receiver digital output pins, which swing from 
Vcc to OND. Each output pin is capable of driving one LSTTL 
input load. 

Output level of these pins is high-impedance while in 
standby mode. 

DI1,DI2(DI3) 
Data input 

These are the high-impedance digital input pins to the 
drivers. Input voltage levels on these pins must be between 
Vcc and GND. 

The level of these input pins are TTUCMOS compatible. 

Tx1,Tx2(Tx3) 
Transmit Data Output 

These are the EIA-232-E transmit signal output pins, which 
swing toward Vdd and Vss- A logic 1 at a Dl input causes the 
corresponding Tx output to swing toward Vss- The actual 
levels and slew rate achieved will depend on the output loading 
(RUCL). 

The minimum output impedance Is 300 Q when turned off. 



Driver 

DI1-3 (INPUT) 



Tx1-3 (OUTPUT) 

tpHL- 



50% 



\ 



90% ^ 



•tf 
10% 



tPLH- 



SWITCHING CHARACTERISTICS 

Driver 

- +3V 

OV 



•tr 



VOH 

•Vol 



STB (INPUT) 


- +1.5 V 


HIGHZ 


- +1.5 V 






Tx1-3 (OUTPUT) 


-5V, 


\ 


7 


Sbv 


/ 


tDZA— ^ 


\ 


,-5V 


tDAZ— ^ 







- +5V 

OV 
VoH 



Vol 




Receiver 



D01-3 (OUTPUT) 



STB (INPUT) 


- +1.5 V 


HIGHZ 


- +1.5 V 








90%" 
10%7 


\ 


/ 


^90% 




/ 


tRZA-*" 


\ 


e 10% 


tRAZ— *- 




^ 



- +5V 

OV 
VOH 
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Advance Information 

Telephone Ring Signal Converter 

The TCA3385 is a high efficiency telephone ring signal converter designed for 
use with the TCA3386 (it can also be used stand-alone) . These devices, together 
with a microprocessor, f ornn the basis for a high-perfornnance feature telephone 
set. 

The circuit Includes a switching regulator which converts the ring signal f ronn the 
telephone line into a DC supply signal suitable for powering the other devices in 
the telephone, e.g. TCA3386 and the MPU, during the ringing phase. 

• High efficiency step-down DC/DC converter with linear input innpedance 

• Power derived fronn rectified AC ring signal or DC voltage 

• Drive output for external PNP transistor 

• System supply voltage determined by external transistor, coils and diodes 

• Two modes of operation : fixed internal or programmable ring detect threshold 
(7 to 35V) 

• Programmable input impedance between 3K and 15Kohms 

• Ring detect output for microprocessor 

• Lightning and mains protection 

• Applications: telephone set, answering machine, home appliance, etc... 



TCA3385 




DP SUFFIX 

PLASTIC PACKAGE 

CASE 626 




FP SUFFIX 

PLASTIC PACKAGE 

CASE 751 G 



ORDERING INFORMATION 

TCA3385-DP Plastic DIP 
TCA3385-FP SO package 



1 HF 500Q 



BLOCK DIAGRAM AND TYPICAL APPLICATION CIRCUIT 
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TCA3385 PIN DESCRIPTIONS 



Pin 1 GND, GROUND 

This is the reference ground for the overall system. 



V^^ POWER SUPPLY 



Pin 2 

The output is a current which will establish a voltage 
defined by the load circuit and the voltage regulator 
(typically 5-6 volts for telephone application). 



Pin 7 MS, MODE SELECT 

An external resistor Rl connected between this pin 
and ground sets the value of the ring detect threshold. 

If Rl = 0, Mode 1 is selected and a fixed 1 2 volt level 
is automatically chosen by the internal level sensor 
circuitry. 



Pin 3 DRV, DRIVE OUTPUT 

This output directly drives the base of the PNP transis- 
tor of the switchmode power supply system. 



Otherwise Mode 2 is selected and R|_ determines the 
value of the ring detect threshold. In Mode 2 Rl also 
affects the input impedance of the circuit. 



Pin 4 CO, CURRENT OUTPUT 

This pin provides constant current output for charging 
the external capacitor Cqsc- 

Pin 5 LI, LINE INPUT 

This pin can be driven either by a DC voltage or a non 
filtered rectified AC voltage. In a typical telephone 
application, it is connected to the positive side of a 
diode bridge before the twisted pair cable. 

Pin 6 R;„ 

An external resistor Rj^ connected between this pin 
and LI sets the input Impedance of the circuit. 



Pin 8 RDO, RING DETECT OUTPUT 

This is a digital output for a microprocessor which 
indicates that a ring signal has been detected. This pin 
will shift from low to high each time the input voltage 
passes the preset threshold voltage. 

Depending on its load (resistive or capacitive), the 
signal at this pin can either remain high during the ring 
time, or be a square wave at twice the ringing signal 
frequency. 





16 


: 


RDO 


15 


1 


N.C. 


14 


— 


MS 


13 


: 


N.C. 


12 


1 


Rin 


11 


3 


N.C. 


10 


"" 


LI 


9 


— 


N.C. 



DIL 8 pins 



SOIC wide 16 pins 
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ABSOLUTE MAXIMUM RATINGS 



Parameter 


Value 


Unit 


Line Voltage 


120 


Vrms 


Input Impedance 


3Kto15K 


Ohnns 


Maxinnum Peak Current (crowbar on) 


500 


mA 


Storage Tennperature Range 


-65 to +150 


°C 


Operating Junction Tennperature 


150 


°c 



Devices should not be operated at or outside these values. Actual device operation should be restricted 
to within the "Reconnnnended Operating Linnits". 

RECOMMENDED OPERATING LIMITS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Operating Annbient Tennperature Range 


Ta 







70 


°C 


Line Voltage 


Vin 






90 


Vrms 


Line Source Impedance 


Zs 


500 






Ohms 



THERMAL DATA 



Parameter 


Value 


Unit 


Thermal Resistance Junction-Ambient 
Plastic Package Case 626 
SO Package Case 751 G 


90 
110 


°C/W 
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ELECTRICAL CHARACTERISTICS 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Ring Detect Output Voltage High 


Voh 


Vcc 
-0.93 


Vcc 
-0.7 


Vcc 
-0.57 


V 


Ring detect Output Voltage Low 


Vol 




11 


20 


mV 


Turn-on Threshold Input Voltage 
(Mode1,RL=0, lLoad=0) 


Vdl 


11.2 


12 


13.0 


V 


Threshold Temperature Drift 
(Mode1,RL=0) 


DVdi 




-5 




mVrC 


On/Off Threshold Hysteresis 
(Mode1,RL=0, lLoad=0) 


Hysl 


1.2 


1.8 


2.4 


V 


Turn-on Threshold Input Voltage 
(Mode 2, limit fixed by ext res Rl) 


Vd2 


8 




35 


V 


Threshold Temperature Drift 
(Mode 2) 


Dvd2 




-20 




mVAC 


On/Off Threshold Hysteresis 
(Mode 2) 


Hys2 


0.5 




7 


V 


Ring Detect Output Pull-up Current 
(Vi, = 15V) 


'dup 


0.5 


1.5 


2.5 


mA 


Ring Detect Output Pull-down Current 
Low State (Vr^q < V^^ 12) 
High State (Vrdo>Vcc/2) 


'd down 


60 
10 


100 
20 


140 
26 


ma 


V^^ Level (Ring Detector Enabled) 
@ V,^ max = 5.5V 


^ccon 


2.75 


3.1 


3.45 


V 


Vcc Level (Ring Detector Disabled) 
@ V,^ max = 5.5V 


Vqc off 


1.40 


1.8 


2.3 


V 


Ring Detect Output Rise Time 
(no capacitor) 


tr 




1 




|iS 


Ring Detect Output Fall Time 
(no capacitor) 


tf 




4 




|US 


Ring Detect Output Ripple 
(Crd = 0.47M.F, f = 50Hz, no load) 


Vdrip 




0.25 


0.5 


Vpp 
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SWITCHMODE POWER SUPPLY 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


V^c Output Voltage {l|oad = 36mA) 


Vcc 


Fixed by Zener diode 


Output Power (Vj^ = 90V rms, f = 50Hz) 


'^out 






600 


mW 


Power Supply Efficiency 


Eff 


50 


55 




% 


Switching Frequency 
(Vj^ = 40v, Rj^ = 500KQ) 


Fs 


25 


35 


45 


KHz 


Output Voltage Ripple 

(l„3d = 36nnA, C^^d = 220nF, Vj, = 90V rms) 


V 




0.5 


0.7 


Vpp 


Cqsc Charge Current 

(Vjn = 20V, Rj^ = 500K^, Rl = 0) 


charge 


3.1 


3.5 


4.1 


mA 


Cqs(, Discharge Current 

(Vjn = 20V, Rj^ = 500KQ, Rl = 0) 


'disch. 


11 


18 


25 


mA 



LINE INPUT AND PROTECTION 



Parameter 


Symbol 


Min 


Typ 


Max 


Unit 


Input Impedance 

Off-state (Vj^ = 4.5V, Rj^ = 500Ka, Rl = 0) 
On-state (Vj^ > 25V, Mode 1 , Rl = 0) 

Fixed by external resistance Rj^ 
On-state (Vj^ > 25V, Mode 2) 

Fixed by external resistance Rj^ and Rl 


Zin 


25 
3 

3 


50 

Rin 
100 

Rin+2RL 
100 


15 
15 


Kohm 


Non-linearity @ 35 <\/^^ < 75 V 
Mode 1 
Mode 2 


NL 




3 
3 


8 
8 


% 


Overvoltage Protection Threshold (Crowbar on) 


Vov 


120 


135 


147 


V 


Crowbar-on Input Voltage 
(Crowbar On, lij^nit = 40mA) 


Von 


4.3 


6.5 


8.7 


V 


Crowbar-on Power Dissipation 
(Limited by Internal 100 ohms + external res.) 


Pd 






1.3 


W 


Crowbar Turn-on Delay (CRD = 0.1 |iF) 


Ton 




130 




lis 
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INTRODUCTION 



The TCA3385 is primarily intended for converting the 
ring signal delivered by a central office or PABX into a 
DC voltage which is suitable for powering the other 
components in an electronic telephone. It will supply 
the power to enable the use of the features of a 
sophisticated telephone, such as MPU control, gen- 
eration and amplification of ringing melodies at a 
speaker, display short messages of information, etc... 
while the telephone is on-hook. 

The circuit combines a high efficiency DC/DC con- 
verter and a level sensor device which acts as a 
programmable ring detector and indicator for a MPU, 
thus initiating the operation of the telephone. 

Overvoltage protection is also achieved using a "crow- 
bar" technique. 

LINE INPUT AND PROTECTION 

The DC/DC converter has linear input impedance, 
which means that the circuit input impedance is ohmic 
and constant whenever the input voltage varies above 
the turn-on threshold voltage inside the tolerated 
limits. Any value between 3K and 1 5Kohms can be set 
using one or two resistors, depending on the mode of 
operation (see paragraph "RING DETECTOR" below). 
In Mode 1 the circuit input impedance Zj^, is a ratio of 
the resistor Rj^, between pin 5 and pin 6: Z,^ = Rj^/1 00. 
In Mode 2, Zj^ is a function of Rj^ and the resistor R^ 
between pin 7 and ground: Zj^, = (Rj^ + 2R[_)/100. 

On the other hand, the turn-on input circuitry guaran- 
tees that the input impedance is high at low voltages 
to avoid perturbing the line. 

The overvoltage protection device consists of two 
thyristors in series which are tumed-on at a voltage 
between 1 20V and 1 50V. The input current is limited 
by a 1 00 ohms internal resistor, but an external resistor 
is mandatory to prevent excessive currents. A 500 
ohms series resistor is recommended as minimum. 

RING DETECTOR 

The TCA3385 includes a ring detector (also called level 
sensor) whose function is to provide a digital output for 
a MPU. It only operates when the circuit is sufficiently 
powered, i.e. when the DC/DC converter output (V^^^ 
has reached a level greater than 3V. It also has hys- 
teresis which powers the level sensor off at 2V. 



1^0 



\ 


v\^ 


V V=°''.'< 














^ 


^"^ 


> 


^00 K 1 








.Rjn = 


A 

aooK 


s^ 


j^ 


^ 


"^^ 














/ 

500 K 













10 20 30 40 50 60 70 80 90 100 
Rl (Kohms) 

Rgure 1. Ring Detection Threshold (Mode 2) 
vs Rjn and Rl 



The digital output shifts from low to high according to 
the line input voltage, a preset level for detection and 
its load at pin 8. 

The level for ring detection may be set using one or 
two modes of operation as previously noted. In Mode 
1, where pin 7 is connected to ground, an internally 
fixed level is set as the ring detect threshold, which is 
typically 12 Volts. In Mode 2 operation, where an 
external resistor Rl is connected between pin 7 and 
ground, the ring detect threshold is programmable. Its 
value is a function of Rl (see Figure 1). 

It should be noted that due to the I C design structure, 
Mode 1 is not a particular case of Mode 2. In fact, in 
Mode 2, Rl must be chosen high enough so that the 
ring detector works efficiently (the minimum limit is 
fixed by the upper limit of 35V for the ring detect 
threshold; see Figure 1). 

In a telephone application, where the input signal is a 
rectified AC ringing signal, we can choose between 
two output modes at pin 8, pulsed or continuous: 
without a capacitor at pin 8, the ouput voltage will 
change state each time the input crosses the ring 
detect turn-on and turn-off thresholds, thus providing 
information on the frequency of the ring signal; on the 
other hand, if the load at pin 8 is a capacitor, the output 
voltage will shift from low to high only the first time the 
input crosses the turn-on threshold, and remain high 
until the end of the ringing pulse. This is permitted by 
the internal input circuitry at pin 8, which has an 
emitter-follower transistor for pull-up and a non-linear 
current generator for pull-down (20|jA for slow dis- 
charge, 100|jA for fast discharge; see Figure 2). 
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SWITCHMODE POWER SUPPLY 



EXTERNAL PROTECTION RESISTOR 



The TCA3385 is basically a DC/DC converter which 
works with external components: a PNP transistor, a 
coil, a zener diode, a capacitor and a holding diode. 

The circuit drives the external PNP for switching the 
currentintothe coil. This PNPshouldbea fast switching 
transistor, with a switching tinne of less than 2% of the 
total pulse time Tq = l/fg (where fg is the switching 
frequency). For example, in a 50KHz application (Tq = 
20|is), rise time and fall time should be less than 
400ns; this is mandatory to keep the efficiency of the 
switchmode greater than 50%. Also, the PNP must 
withstand voltages as high as 1 50V. In the suggested 
application, a MPSA92 (or a BDC06) is used. 



This device has been designed to accept overvoltage 
input signals, by switching ON two serial input thyris- 
tors, from levels exceeding 1 20V between pin 5 and 
pin 1 . In this case the current is limited by an internal 
100 ohms series resistor with an external resistor Rv 
(nominally 500 ohms). 

a) Fast input signals 

If the slew rate of the overvoltage pulse is much 
greater than 500V/ms (which is valid for a 1|iF series 
capacitor with a current limit of 500mA), then the peak 
current is equal to the applied peak voltage divided by 
the external resistance R,,. 



The holding diode should also have a low forward 
voltage drop and fast switching characteristics so that 
high power output is achieved. It must withstand 
voltages as high as 1 50V. The coil as well should have 
its losses (both magnetic and resistive) minimized. 

The DC/DC converter consists of 3 main blocks: 

- a current mirror which produces a constant current 
for charging the external capacitor. This current is 
dependent on Vj^. 

- a comparator to set the switching frequency of the 
power supply. The switching frequency is mainly 
dependent on the input voltage Vj^ and the input 
impedance Zj^. 



Under these conditions, the absolute maximum peak 
current is equal to 500mA, no matter how short the 
pulse . 

For example : for400V maximum limit, R^ = 400V/0.5A 
= 800 ohms. 

b) Slow input signals 

For slow signals (eg: ringing signals 25, 50, 1 00 Hz...) 
the maximum current must be limited to 250mA. So, 
for the French standard ringing voltage , R^ is equal to 
120V^g^/0.25A = 500 ohms. 

If the overvoltage is higher, R^ must be calculated for 
the new maximum input voltage. 



a drive stage for the PNP transistor. 



1.5 mA 



LEVEL 
SENSOR 



Vcc/2 



80 ^lA 



®20^A 




RDO 



Figure 2. Ring Detect Output Stage 
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Figure 3. Input Impedance vs Vj„ @ Rj^ = 500K 
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Figure 5. Detect Threshold vs R,oad (Mode 1) 
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Figure 7. Oscillator frequency vs Vj^ 
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Product Preview 



SPEECH CIRCUIT 

The TCA3388 is a high density bipolar telephone speech net- 
work to replace the hybrid circuit in a telephone set. 

This circuit includes sidetone balance, microphone and push 
pull earphone amplifier with loop length compensation, program- 
mable impedance (real or complex), programmable DC mask 
(French, UK Low voltage and PABX configuration for each), direct 
interface for a DTMF/pulse dialer (adjustble DTMF input, pulse 
input, hook status output and mute input), regulated power supply 
and protection against excess signal voltage. 

Design precautions have been taken to increase RFI immunity. 
This circuit associated with a DTMF/pulse dialer (MCI 4551 6) 
and a tone ringer (MC34017) forms the basis of a low cost 
telephone set. 

• Low voltage, low current operation: high peak-to-peak signal 
on the line 

• DC mask programmable by external pins 

• 2 to 4 wire conversion 

• Programmable impedance (real or complex) 

• Programmable sidetone balance with automatic line length 
tracking 

• Automatic line length receiving and sending gain control 

• Microphone amplifier with externally adjustable gain (piezo or 
electret transducers) 

• Earphone push pull amplifier with externally adjustable gain 
(piezo or electrodynamic transducers) 

• Mute facility for transmit and receive amplifier 

• Regulated supply voltage (3.6V) with high output current 
capability 

• Protection against excess signal voltage 

• Interface for DTMF/pulse dialer 

• Positive and negative logic input for pulse and mute 

• Hook status output 
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P SUFFIX 

PLASTIC PACKAGE 
CASE 738 



DW SUFFIX 

PLASTIC PACKAGE 
CASE 751 D 



PIN ASSIGNMENT 


RXI - 


1 20 


-RXO 


TXI - 


2 19 


-RXO 


MIC- 


3 18 


-GND 


LAO- 


4 17 


-Vcc 


LAI - 


5 16 


-1 ref 


HYL- 


6 15 


-MUT 


HYS- 


7 14 


-PI 


CM - 


8 13 


-HSO 


IMP- 


9 12 


-DCM 


SAO- 


10 11 


-SAI 









MC 145516 



DTMF/PULSE 
DIALER 



Cs^ 



TCA 3388 



SPEECH 
CIRCUIT 



MC34017 
TONE RINGER 




LOW END TELEPHONE SET 



This document contains information on a new product. 

Specifications and information herein are subject to change without notice. 
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Hook Status 



^ Mute Input 



^ Pulse Input 



Mask Select 



^ DTMF confidence 
tone 
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12 

10 

8 
Relative 
Gain (dB) 6 

4 

2 





Low Voltage 




10 20 



Line Voltage (V) 



TCA 3388: DC MASKS 
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TCA 3388: GAIN REGULATION 
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PIN DESCRIPTION 



1:RXI ■ 



Input for Earphone Amplifier and 
Confidence Tone 



This pin receives the line signal via the hybrid balance 
and gain regulation circuits. A confidence tone (current) 
may also be applied to this point. 

2:TXI - Microphone Current Amplifier Input 

3:MIC - Microphone Negative Supply 

Bias current from the electret microphone is returned 
to ground through this pin. 

4:LA0 - Line Interface Drive Amplifier Output 

This pin controls the base of the high voltage line inter- 
face transistor. 

5:LAI - Line Interface Drive Amplifier Input 

This pin receives the AC line voltage from the input 
impedance network and the current for DTMF signall- 
ing. The circuit input impedance is determined by line 
voltage and current feedback to this pin (which is at vir- 
tual earth). The line current signal developed at pin 1 1 
and transferred to pin 1 is received via R1 4 and the line 
voltage signal via the network ZO. 

This pin may also receive a current for DTMF 
signalling. 

6:HYL - Input for Long Line Hybrid Network 

7:HYS - Input for Short Line Hybrid Network 

The line signal is received between pins 6 and 1 and 
between pins 7 and 1 0. Pin 6 is connected to a network 
providing hybrid balance for long lines and pin 7 to a net- 
work providing hybrid balance for short lines. The 
received signals are weighted, according to the line 
length detected, summed and fed via the gain regulation 
and mute circuit to the earphone amplifier input (pin 

1). 

Both the hybrid balance impedance and the gain are 
therefore adapted to the line length. If this pin 7 is left 
open, the circuit will operate with a fixed hybrid balance 
impedance defined by the network on pin 6. In PABX 
mode, the receive mode and hybrid balance impedance 
are independant of the line length. 

8:CM - Mask Decoupling Capacitor 

For a return loss greater than 20 dB, and an imput 
impedance equal to 600 ohms at 300 Hz, C = 
0.68pF. 

9:IMP - Impedance Network Return Point 

10:SAO - Line Current Sense Amplifier Output 



1 1 :SAI - Line Current Sense Amplifier Input 

Voltage at this pin is proportional to the line current 
(I line X R2). 

12:DCM - DC Mask Selection 

Four dc masks are selected according to the DC 
voltage at this pin. An internal current generator sources 
(loop closed) or sinks (during line break) a constant 
current. The DC mask can be chosen by connecting 
appropriate external components (resistor, capacitor, or 
resistor plus capacitor) between this pin and ground. 

13:HSO - Hook Status Output/PABX Mode 

This pin is a digital output and reflects the status of the 
loop. HSO is high when the loop is closed, and low when 
loop is open. This pin also sets PABX mode if the load 
current is greater than 20jiA. In PABX mode the 
transmission and reception gains are fixed. The hybrid 
balance impedance is fixed whether a single or double 
network is used. 

14:PI - Pulse Dialing Input 

This pin is a bidirectional input current for pulse 
dialing. 

15:MUT- Mute Input 

This pin is bidirectional input current for combined 
microphone and earphone mute. 

16:1 Ref - Reference Current 

A programmable resistance connected to this pin sets 
a reference current for the circuit. 

17:Vj,^, - Regulated Supply Voltage 

18:GND - Ground 

This pin is ground for the entire circuit. 

19:RX0 - Receive Amplifier Output 

This pin is the output of the first receive amplifier. 
Receive gain is set by connecting a resistor between 
RXOand RX1. 

20:RXO - Complementary Receive Amplifier 
Output 

This pin is the output of the second receive amplifier. 



Protection Mode 

Protection is incorporated. Detection of excess con- 
tinuous or signal voltage causes a transfer to a low dis- 
sipation mode after a delay. 
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Plastic Power Transistor 
Complementary Pair 

DPAK For Surface Mount and 
Telecom Applications 

... designed for use in subscriber loop interface circuit (SLIC) applications, in conjunction with 
the MC33120 SLIC integrated circuit. 

• Collector-Emitter Sustaining Voltage — VceO(sus) = 1 00 Vdc (Min) (5) Iq = 1 mAdc 

• High DC Current Gain — hpE = 40 (Min) (S) Ic = 40 to 200 mAdc 

= 15(Min)@lc = 1 Adc 

• Lead Formed for Surface Mount Applications in Plastic Sleeves (No Suffix) 

• Straight Lead Version in Plastic Sleeves ("-1 " Suffix) 

• Lead Formed Version in 16 mm Tape and Reel ("RL" Suffix) 

• Low Collector-Emitter Saturation Voltage — 

VCE(sat) = 0-3 Vdc (Max) (5) Ic = 500 mAdc 
= 0.6 Vdc (Max) @ Ic = 1 Adc 

• High Current-Gain — Bandwidth Product — fj = 40 MHz (Min) @ Ic = 1 00 mAdc 

• Low Leakage — IcBO = 1 00 "Adc @ Rated VcB 
MAXIMUM RATINGS 



NPN 
MJD243 

PNP 
MJD253 



Rating 


Symbol 


Value 


Unit 


Collector-Base Voltage 


Vqb 


100 


Vdc 


Collector-Emitter Voltage 


VCEO 


100 


Vdc 


Emitter-Base Voltage 


Veb 


7 


Vdc 


Collector-Current — Continuous 
Peak 


Ic 


4 
8 


Adc 


Base Current 


IB 


1 


Adc 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


Pd 


12.5 
0.1 


Watts 
W/°C 


Total Device Dissipation @ Ta = 25°C* 
Derate above 25°C 


Pd 


1.4 
0.011 


Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 


Tj.Tstg 


-65 to +150 


°C 


tHERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Case 

Junction to Ambient* 


R0JC 

RfiUA 


10 
89.3 


°C/W 



* When surface mounted on miminum pad sizes recommended, 

Ta Tc 

2.5 25 
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Figure 1. Power Derating 



125 



COMPLEMENTARY 

POWER TRANSISTORS 

4 AMPERES 

100 VOLTS 

12.5 WATTS 




CASE369A-13 




CASE 369-07 



MINIMUM PAD SIZES 


RECOMMENDED FOR 


SURFACE MOUNTED 


APPLICATIONS 




1 0.190 1 


t 


" 4.826 * 








1 


0.165 
4.191 








jJl 








0.100 




2.54 










T 0.118 










3.0 




1 

0.243 

^ 6.172 


0.063 
1.6 


t 
f inches'^ 
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ELECTRICAL CHARACTERISTICS (Jq = 25°C unless otherwise noted) 



Characteristic Symbol Min Max Unit 


OFF CHARACTERISTICS 


Collector-Emitter Sustaining Voltage (1) 
(IC=10mAdc, Ib = 0) 


VcEO(sus) 


100 


- 


Vdc 


Collector Cutoff Current 
(VcB=100Vdc. Ie = 0) 
(VcB = 1 00 Vdc. Ie = 0, Tj = 1 25°C) 


•CBO 


- 


100 
100 


nAdc 
jjAdc 


Emitter Cutoff Current (Vbe = 7 Vdc, 1 c = 0) 


'EBO 


— 


100 


nAdc 


DC Current Gain (1 ) (Iq = 40 mAdc. Vqe = 1 Vdc) 

(IC = 200mAdc.VcE = 1 Vdc) 
(IC = 1 Adc, VcE = 1 Vdc) 


hpE 


40 
40 
15 


180 


- 


Collector-Emitter Saturation Voltage (1 ) (Iq = 500 mAdc, Ib = 50 mAdc) 

(IC=1 Adc, Ib = 100 mAdc) 


VCE(sat) 


- 


0.3 
0.6 


Vdc 


Base-Emitter Saturation Voltage (1 ) (Iq = 2 Adc, la = 200 mAdc) 


VBE(sat) 


— 


1.8 


Vdc 


Base-Emitter On Voltage (1) (Iq = 500 mAdc, Vqe = 1 Vdc) 


VBE(on) 


— 


1.5 


Vdc 


DYNAMIC CHARACTERISTICS 


Current-Gain — Bandwidth Product (2) 

(IC = 100 mAdc. Vce = 10 Vdc, ftest = 10 MHz) 


fT 


40 


- 


MHz 


Output Capacitance 

(VcB = 10 Vdc, Ie = 0, f = 0.1 MHz) 


Cob 


— 


50 


PF 



(1) Pulse Test: Pulse Width = 300 \jcs Duty Cycle - 2%. 
(2)fT=|hFEhftest 



10 
5 

2 

1 
0.5 
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There are two limitations on the power handling ability 
of a transistor: average junction temperature and second 
breakdown. Safe operating area curves indicate Iq-Vce 
limits of the transistor that must be observed for reliable 
operation; i.e., the transistor must not be subjected to 
greater dissipation than the curves indicate. 

The data of Figure 2 is based on Tj(pk) = 150X; Tq 
is variable depending on conditions. Second breakdown 
pulse limits are valid for duty cycles to 10% provided 
Tj(pk) ^ 150°C. Tj(pk) may be calculated from the data 
in Figure 3. At high case temperatures, thermal limita- 
tions will reduce the power that can be handled to values 
less than the limitations imposed by second breakdown. 



Figure 2. Active Region Maximum Safe Operating Area 
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Figure 3. Thermal Response 
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MOTOROLA COMMUNICATIONS DEVICE DATA 
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Figure 4. DC Current Gain 
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Figure 5. "On" Voltages 
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Figure 6. Temperature Coefficients 
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RB and Rq VARIED TO OBTAIN DESIRED CURRENT LEVELS 
Di MUST BE FAST RECOVERY TYPE, eg: 

MBD5300 USED ABOVE Ib - 100 mA FOR PNP TEST CIRCUIT, 

MSD6100 USED BELOW Ib ^ 100 mA REVERSE ALL POLARITIES 



Figure 7. Switching Time Test Circuit 
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Figure 8. Turn-On Time 
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Figure 9. Turn-Off Time 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MJD243*MJD253 
2-949 
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Figure 10. Capacitance 
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Figure 11. Application Circuit 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



NPN 

MJE270 

PNP 

MJE271 



COMPLEMENTARY SILICON 
POWER TRANSISTORS 

. . . designed specifically for use with the MC3419 Solid-State Sub- 
scriber Loop Interface Circuit (SLIC). 

• High Safe Operating Area 

IS/B @ 40 V, 1 .0 s = 0.375 A - 10-126 

• Collector-Emitter Sustaining Voltage 

VcEO{sus)= lOOVdc(Min) 

• High DC Current Gain 

hFE@ 120 mA, 10 V= 1500 (Min) 



THERMAL CHARACTERISTICS 



Characteristic 



Thermal Resistance, Junction to Case 



Thermal Resistance, Junction to Ambient 



Symbol 



R0JC 



R0JA 



8.33 



83.3 



2.0 AMPERE 

COMPLEMENTARY 

POWER DARLINGTON 

TRANSISTORS 

100 VOLTS 
15 WATTS 



MAXIMUM RATINGS 


Rating 


Symbol 


Value 


Unit 


Collector-Emitter Voltage 


VCEO 


100 


Vdc 


Collector-Base Voltage 


VCB 


100 


Vdc 


Emitter-Base Voltage 


Veb 


5.0 


Vdc 


Collector Current— Continuous 
— Peak 


ic 


2.0 
4.0 


Adc 


Base Current 


'B 


0.1 


Adc 


Total Power Dissipation @ Tc= 25°C 
Derate above 25°C 


pd 


15 
0.12 


Watts 
W/°C 


Total Power Dissipation @ T^ = 25°C 
Derate above 25°C 


Pd 


1.5 
0.012 


Watts 
W/°C 


Operating and Storage Junction 
Temperature Range 


Tj, Tstg 


-65 to +150 


°C 



°c/w 



°c/w 




N1. BASE 

2. CaLECTOR 

3. EMIHER 




NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M, 1982. 

2. CONTROLLING DIMENSION: INCH. 

3. 077-01 THRU -06 OBSOLETE, NEW STANDARD 
077-07. 



DIM 


MILUMETERS 


INC 


HES 


MIN 


MAX 


MIN 


MAX 


A 


10.80 


11.04 


0.425 


0.435 


B 


7.50 


7.74 


0.295 


0.305 


C 


2.42 


2.66 


0.095 


0.105 


D 


0.51 


0.66 


0.020 


0.026 


F 


2.93 


3.30 


0.115 


0.130 


G 


2.39 BSC 


0.094 BSC 1 


H 


1.27 


2.41 


0.050 


0.095 


J 


0.39 


0.63 


0.015 


0.025 


K 


14.61 


16.63 


0.575 


0.655 


M 


3°TYP 


3° 


YP 


Q 


3.76 


4.01 


0.148 


0.158 


R 


1.15 


1.39 


0.045 


0.055 


S 


0.64 


0.88 


0.025 


0.035 


U 


3.69 


3.93 


0.145 


0.155 


V 


1.02 


— 


0.040 


— 



CASE 77-07 
TO-225AA TYPE 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MJE270*MJE271 
2-951 



ELECTRICAL CHARACTERISTICS (Tc= 25°C unless otherwise noted) 










Characteristic 


Symbol 


Min 


Max 


Unit 



OFF CHARACTERISTICS 



Collector-Emitter Sustaining Voltage (1 ) 
(IC= 10mAdc,lB = 0) 


VcEO(sus) 


100 


- 


Vdc 


Collector Cutoff Current 
(VcE=100Vdc,lB = 0) 


'ceo 


- 


1.0 


mAdc 


Collector Cutoff Current 
(VcB=100Vdc, Ie = 0) 


ICBO 


- 


0.3 


mAdc 


Emitter Cutoff Current 
(VBE = 5.0Vdc,lc = 0) 


'ebo 


— 


0.1 


mAdc 



SECOND BREAKDOWN 



Second Breakdown Collector Current with Base Forward Biased 
(VcE = 40 Vdc, t = 1 .0 s, non-repetitive) 


'S/b 


375 


- 


mAdc 



ON CHARACTERISTICS (1) 



DC Current Gain 
dc = 20 mAdc, Vqe = 3.0 Vdc) 
(IC= 120mAdc, VcE= lOVdc) 


hpE 


500 
1500 


- 


— 


Collector-Emitter Saturation Voltage 
dc = 20 mAdc, Ib = 0.2 mAdc) 
dc = 1 20 mAdc, Ib = 1 -2 mAdc) 


VcE(sat) 


- 


2.0 
3.0 


Vdc 


Base-Emitter On Voltage 
(IC = 1 20 mAdc, VcE = 10 Vdc) 


VBE(on) 


— 


2.0 


Vdc 



DYNAMIC CHARACTERISTICS 



Current Gain — Bandwidth Product (2) 
(IC = 0.05 Adc, VcE = 5.0 Vdc, ftest = 1 MHz) 


fT 


6.0 


- 


MHz 



NOTES: 

(1 ) Pulse Test: Pulse Width ^ 300 ^s. Duty Cycle ^ 2.0%. 

(2) fT = |hfel«ftest 



FIGURE 1 - DC CURRENT GAIN 



FIGURE 2 - SAFE OPERATING AREA 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



MAXIMUM RATINGS 



Rating 


Symbol 


Value 


Unit 


Collector-Emitter Voltage 


VCEO 


80 


Vdc 


Collector-Base Voltage 


VCBO 


80 


Vdc 


Emitter-Base Voltage 


Vebo 


5.0 


Vdc 


Collector Current — Continuous 


ic 


500 


mAdc 


Total Device Dissipation @ Ta = 25°C 
Derate above 25°C 


Pd 


1.0 
8.0 


Watt 
mW/X 


Total Device Dissipation @ Tq = 25°C 
Derate above 25°C 


pd 


2.5 
20 


Watts 
mW/°C 


Operating and Storage Junction 
Temperature Range 


Tj. Tstg 


-55 to +150 


°C 


THERMAL CHARACTERISTICS 


Characteristic 


Symbol 


Max 


Unit 


Thermal Resistance, Junction to Ambient 


R^JA 


125 


°c/w 


Thermal Resistance, Junction to Case 


R^JC 


50 


°c/w 



MPS6717 

CASE 29-05, STYLE 1 
TO-92 (TO-226AE) 




ONE WATT 
AMPLIFIER TRANSISTOR 

NPN SILICON 



Refer to MPSW05 for graphs. 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted.) 



Characteristic 


Symbol 


Min 


Max 


Unit 


OFF CHARACTERISTICS 


Collector-Emitter Breakdown Voltage(l) 
dC = 1.0 mAdc, Ib = 0) 


V{BR)CEO 


80 


— 


Vdc 


Collector-Base Breakdown Voltage 
dC = 100 /MAdc, Ie = 0) 


V(BR)CBO 


80 


— 


Vdc 


Emitter-Base Breakdown Voltage 
He = 10 ^Adc, Ic = 0) 


V(BR)EBO 


5.0 


— 


Vdc 


Collector Cutoff Current 
(VcB = 60 Vdc, lE = 0) 


'CBO 


— 


0.1 


/xAdc 


Emitter Cutoff Current 
(Veb = 5.0 Vdc, Ic = 0) 


Iebo 


— 


10 


AtAdc 


ON CHARACTERISTICS 


DC Current Gain 
dC = 50 mAdc, VcE = 1-0 Vdc) 
dC = 250 mAdc, VcE = 1-0 Vdc) 


hpE 


80 
50 


250 


— 


Collector-Emitter Saturation Voltage 
dC = 250 mAdc, Ib = 10 mAdc) 


VcE(sat) 


— 


0.5 


Vdc 


Base-Emitter On Voltage 
dC = 250 mAdc, VcE = 1-0 Vdc) 


VBEIon) 


— 


1.2 


Vdc 


SMALL-SIGNAL CHARACTERISTICS 


Collector-Base Capacitance 
(VcB = 10 Vdc, Ie = 0, f = 1.0 MHz) 


Ccb 


— 


30 


PF 


Small-Signal Current Gain 
dC = 200 mAdc, VcE = 5.0 Vdc, f = 20 MHz) 


hfe 


2.5 


25 


— 



(1) Pulse Test: Pulse Width ^ 300 /ts. Duty Cycle ^ 2.0%. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MPS6717 
2-953 



MOTOROLA 

SEMICONDUCTOR 

TECHNICAL DATA 



6-Pin DIP Optoisolators 

Transistor Output 

These devices consist of a gallium arsenide infrared emitting diode optically coupled 
to a monolithic silicon phototransistor detector. 

• Convenient Plastic Dual-ln-Line Package 

• High Current Transfer Ratio — 100% Minimum at Spec Conditions 

• Guaranteed Switching Speeds 

• High Input-Output Isolation Guaranteed — 7500 Volts Peak 

• UL Recognized. File Number E5491 5 ^ 

• VDE approved per standard 0884/8.87 (Certificate number 62054), with additional 

approval to DIN IEC380A/DE0806, IEC435/VDE0805, IEC65A/DE0860, VDEOIlOb, 
covering all other standards with equal or less stringent requirements, including 
IEC204A/DE0113, VDE0160, VDE0832, VDE0833, etc. /^ 

• Meets or Exceeds All JEDEC Registered Specifications ^=='B8A 

• Special lead form available (add suffix "T" to part number) which satisfies VDE0883/ 

6.80 requirement for 8 mm minimum creepage distance between input and output 
solder pads. 

• Various lead form options available. Consult "Optoisolator Lead Form Options" data 

sheet for details. 

MAXIMUM RATINGS (Ta = 25°C unless otherwise noted) 



Rating 


Symbol 


Value 


Unit 


INPUT LED 


Reverse Voltage 


Vr 


6 


Volts 


Forward Current — Continuous 


If 


60 


mA 


LED Power Dissipation (a Ta - 25°C 

with Negligible Power in Output Detector 
Derate above 25°C 


Pd 


120 
1.41 


mW 
mW/°C 


OUTPUT TRANSISTOR 


Collector-Emitter Voltage 


VCEO 


30 


Volts 


Emitter-Base Voltage 


Vebo 


7 


Volts 


Collector-Base Voltage 


VCBO 


70 


Volts 


Collector Current — Continuous 


ic 


150 


mA 


Detector Power Dissipation (a Ta = 25°C 

with Negligible Power in Input LED 
Derate above 25°C 


Pd 


150 
1.76 


mW 
mW/°C 


TOTAL DEVICE 


Isolation Source Voltage (1) 
(Peak ac Voltage, 60 Hz, 1 sec Duration) 


Vise 


7500 


Vac 


Total Device Power Dissipation (a Ta = 25°C 
Derate above 25°C 


Pd 


250 
2.94 


mW 
mW/°C 


Ambient Operating Temperature Range 


Ta 


-55 to +100 


°C 


Storage Temperature Range 


"■"stg 


-55 to +150 


°C 


Soldering Temperature (10 seconds, 1/16" from case) 


— 


260 


°C 



4N35 
4N36 
4N37 



6-PIN DIP 

OPTOISOLATORS 

TRANSISTOR 

OUTPUT 




CASE 730A 
PLASTIC 



SCHEMATIC 



-a 6 



_y °5 

1^^^ D4 



1. LED ANODE 

2. LED CATHODE 

3. N.C. 

4. EMITTER 

5. COLLECTOR 

6. BASE 



(1) Isolation surge voltage is an internal device dielectric breakdown rating. 
For this test, Pins 1 and 2 are common, and Pins 4, 5 and 6 are common. 



4N35.4N36.4N37 
2-954 



MOTOROLA COMMUNICATIONS DEVICE DATA 



ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise noted) 



Characteristic 


Symbol 


Min 


Typ 


Max 


Unit 



INPUT LED 



Forward Voltage dp = 10 mA) Ta = 25°C 

Ta= -55°C 

Ta = ioo°c 


Vf 


0.8 
0.9 
0.7 


1.15 
1.3 
1.05 


1.5 
1.7 
1.4 


V 


Reverse Leakage Current (Vr = 6 V) 


IR 


— 


— 


10 


mA 


Capacitance (V = V, f = 1 MHz) 


Cj 


— 


18 


— 


pF 



OUTPUT TRANSISTOR 



Collector-Emitter Dark Current (Vqe = 10 V, Ta = 25°C) 
(VcE = 30 V, Ta = 100°C) 


'CEO 


— 


1 


50 
500 


nA 
/xA 


Collector-Base Dark Current (Vqb = 10 V) Ta = 25°C 

Ta = ioo°c 


ICBO 


■ 


0.2 
100 


20 


nA 


Collector-Emitter Breakdown Voltage (Iq = 1 rnA) 


V(BR)CEO 


30 


45 


— 


V 


Collector-Base Breakdown Voltage (Iq = 100 /liA) 


V(BR)CBO 


70 


100 


— 


V 


Emitter-Base Breakdown Voltage (1^ = 100 /lA) 


V{BR)EBO 


7 


7.8 


— 


V 


DC Current Gain (Iq = 2 mA, Vqe = 5 V) 


hFE 


— 


400 


— 


— 


Collector-Emitter Capacitance (f = 1 MHz, Vqe = 0) 


CCE 


- 


7 


— 


pF 


Collector-Base Capacitance (f = 1 MHz, Vcb = 0) 


CCB 


— 


19 


— 


pF 


Emitter-Base Capacitance (f = 1 MHz, Veb = 0) 


Ceb 


- 


9 


— 


pF 



COUPLED 



Output Collector Current Ta = 25°C 
dp = 10 mA, VcE = 10 V) Ta = -55°C 

Ta = ioo°c 


ic 


10 
4 
4 


30 


— 


mA 


Collector-Emitter Saturation Voltage dc = 0.5 mA, Ip = 10 mA) 


VCE(sat) 


- 


0.14 


0.3 


V 


Turn-On Time 


dc = 2 mA, Vcc = 10 V, 
Rl = 100 a Figure 11) 


ton 


- 


7.5 


10 


/iS 


Turn-Off Time 


toff 


— 


5.7 


10 


Rise Time 


tr 


— 


3.2 


— 


Fall Time 


tf 


- 


4.7 


— 


Isolation Voltage (f = 60 Hz, t = 1 sec) 


Vise 


7500 


— 


— 


Vac(pk) 


Isolation Current (V|.o = 3550 Vpk) 4N35 
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Figure 1. LED Forward Voltage versus Forward Current 



0.5 1 2 5 10 20 50 

Ip, LED INPUT current (mA) 

Figure 2. Output Current versus Input Current 



MOTOROLA COMMUNICATIONS DEVICE DATA 



4N35*4N36*4N37 
2-955 



-20 

z 

LU 

1,6 
o 
cc 

^ 12 
c_> 

LU 

o 8 

















^ 


-^i 
















^ 


= 10 mA 














^^^ 


Ip 










_^ 


















_^ 


y^ 


















y 


















y 












5m 


A 




/ 


























/ 


^^ 


-" — 














/ 


y 


X 
















/ 


/ 


















/ 
















2 mA 


//'' 
















1 rr'^ 


^ 














1 




r— 



12 3 4 5 6 7 8 
VcE, COLLECTOR-EMITTER VOLTAGE (VOLTS) 

Figure 3. Collector Current versus 
Collector-Emitter Voltage 



W 7 










































i 5 
































NOR 


^/lALIZED TO Ta = 25°C — 


o 














i 2 
























































^= 








^ 0.5 


















— ^^= 












































R 






















^ 02 












































o 

O 0.1 























-40 -20 20 40 60 
Ta, ambient TEMPERATURE (°C) 



80 100 



Figure 4. Output Current versus Ambient Temperature 
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Advance Information 

1 .1 GHz PLL Frequency 

Synthesizer Evaluation Kit 



i\/iC145190EVK 
iVIC145191EVK 



The MC145190EVK and MC145191EVK are two versions of the same board that allow evaluation and demonstration of 
the Motorola MC145190 and MC145191 Frequency Synthesizers. The MC145190/91EVK Is factory populated and tested with 
the MC1 451 91 PLL as the active device. A sample of the MCI 451 90 PLL is included in the kit for those who wish to evaluate this 
device. In addition, the board may be modified to evaluate the MCI 451 92. 

MCI 451 90/91 EVK FEATURES 
General: 

• Turnkey Design Includes PLL Devices, Low-Pass Filter, and Voltage Con- 
trolled Oscillator 

• Boards Are Controlled by Any IBM PC Compatible Computer Through the 
Printer Port 

• Up to Three EVK Boards Can Operate Independently from One Printer Port 

• Two or Three Board Cascades Are Constructed with Only Three Output Lines 
(Clock, Data, and Load) from the Printer Card 

• Contains All Components for Use of Either an External or On-Board Crystal 
Reference 

• Five-Element Loop Filter Included 

• Includes Full Documentation, Including MCI 45 190/91 EVK User Guide and 
MCI 451 90/91 and MCI 451 92 Data Sheets 

Software: 

• Menu-Driven Control Program Written in Turbo Pascal with Source Code Pro- 
vided on a 3.5" PC Compatible Disk 

• Frequency Range of Operation, Step Size, and Reference Frequency Can Be 
Changed in the Control Program 

• Byte-Oriented Format Is Used to Allow for Easy PLL Programming 

MC145190/MC145191: 

• Single-Package Synthesizers with Serial Interfaces Capable of Direct Usage 
up to 1.1 GHz 

• Interfaces are Both SPI and MICROWIRE™ Compatible 

• No Address or Steering Bits are Required Because of Patented BitGrabber™ 
Registers 

• Gain of Current Source/Sink Phase/Frequency Detectors Controllable via Seri- 
al Port 

• 7 mA Dynamic Current Consumption 



BitGrabber is a trademark of Motorola, Inc. 

MICROWIRE is a trademark of National Semiconductor Corp. 

This document contains information on a new product. Specifications and infomnation herein are subject to change without notice. 

This document contains information on a new product. Specifications and information herein are subject to change without notice. 
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Figure 1. MC1 451 90/91 EVK Functional Block Diagram 
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Calling Line I.D. Receiver 
Evaluation Kit 



MC145460EVK 



The MC145460EVK Is a low cost evaluation platform for the MC1 45447 Calling Line I.D. Receiver with Ring Detector. The 
MC1 45460EVK will facilitate development and testing of products that support the Bellcore customer premises equipment (CPE) 
data Interface, which enables services such as Calling Number Delivery (CND). The MC1 45447 can be easily incorporated 
into any telephone, FAX, PBX, key system, answering machine, CND adjunct box or other telephone equipment with the help 
of the MC145460EVK development kit. 

MC145460EVK FEATURES 

• Easy clip on access to key MC1 45447 signals 

• Generous prototype area 

• Configurable for MC1 45447 automatic or external power up control 

• EIA-232 and logic level ports for connection to any PC or MCU development platform 

• Carrier Detect, Ring Detect and Data status LEDs 

• Component layout for input protection circuit 

• Documentation: MC145460EVK User Guide, MC1 45447 Data Sheet 

• Additional MC1 45447 sample 



MC145460EVK Block Diagram 
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This document contains Information on a new product. Specifications and information herein are subject to change without notice. 
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ISDN U-lnterface TVansceiver 
Evaluation Board 



MC14LC5494EVK 



The MG14LC5494EVK is the evaluation platform for the MG14LC5472 ISDN Basic Rate Access Transceiver. The 
MC14LC5494EVK provides the user with the necessary hardware and software needed to evaluate the many separate 
configurations under which the MC1 454742 is intended to operate. 

General 

• Functionally equivalent to preceeding MC145494EVK 

• Provides Stand Alone NT1 and LT on Single Board 

• Board Can Be Broken Apart Providing Separate NT1 and LT 

• On Board microcontrollers with Resident Monitor Software 

• Convenient Access to Key Signals 

• NT1 and LT Software Development Platform 

• Conforms to ANSI T1.601 ( U-lnterface) and CCITT 1.430 ( S/T- Interface) 

Hardware 

• Utilizes the MC1 45474 S/T-lnterface Transceiver and the MC1 45472 U-lnterface Transceiver 

• +5 V Only Power Supply 

• "Push Button" Activation of U-lnterface from NT1 or LT 

• Stand Alone Operation for Bit Error Rate Testing 

• Gated Data Clocks Provided for Bit Error Rate Testing 

• Interfaces Directly to M68302ADS IMP Evaluation Board 

• Can Be Used as U- or S/T-lnterface Terminal Development Tool 

• On Board 5-ppm LT Frequency Reference 

• EIA-232 Serial Port(s) for Terminal Interface 

Software 

• Stand Alone or Terminal Operation 

• Resident Firmware Monitor for User Control of Board 

• Device Driver for Serial Control Port Interface 

• Help Menu 

• Microcontroller Controlled or Automatic Activation/Deactivation 

• Access to All Maintenance Channels 

• MC68HC05 Assembly Language Source Code Available 



This document contains information on a new product. Specifications and information herein are subject to change without notice. 
BitGrabber is a trademarl< of IVIotorola Inc. MICROWIRE Is a trademark of National Semiconductor Corp. 
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GENERAL OVERVIEW 



The MC14LC5494EVK U-lnterface Evaluation Kit pro- 
vides Motorola ISDN customers a convenient and 
efficient vehicle for evaluation of the MC14LC5472 ISDN 
U-lnterface Transceiver. The approach taken to demon- 
strate the MC14LC5472 ISDN U-lnterface Transceiver Is 
to provide the user with a fully functional NT1 (Network 
Termination TYPE 1) connected to an LT (Line Termina- 
tion). An NT1 provides transparent 2B+D data transfer 
between the U- and S/T- Interfaces. In addition, It also pro- 
vides for customer and network initiated maintenance 
procedures. It does not, however, provide any interface to 
higher level protocols— this functionality is left to entities 
such as the NT2 (Network Termination TYPE 2). 

The MC14LC5494EVK ISDN U-lnterface Evaluation Kit 
can be physically and functionally separated Into two 
"halves." The left side of the card Is the NT1 side, while the 
right side of the card Is the LT side. Alternatively, it can be 



thought of as having both ends of the two-wire U-lnterface, 
extending from the customer premise (NT1 ) to the switch line 
card (LT) on one board. 

The kit provides the ability to interactively manipulate sta- 
tus registers In the MC14LC5472 ISDN U-lnterface Trans- 
ceiver as well as In the MC1 45474/75 S/T Interface Trans- 
ceiver with the aid of an external terminal. A unique 
combination of hardware and software features allows for 
stand-alone or terminal activation of the U-lnterface, provid- 
ing an excellent platform for NT1 and LT software 
development. 

The MC14LC5494EVK ISDN U-lnterface Evaluation Kit 
can also be controlled using the MC68302 IMP Evaluation 
Board, thus completing a total Basic Rate ISDN evaluation 
solution with the Motorola MOS Digital/Analog ISDN product 
line. 
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Figure 1. U-lnterface Terminal or S/T-lnterface Terminal Development Platform 
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Figure 2. MC14LC5494EVK Block Diagram 
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Figure 3. Motorola ISDN Solution 
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Advance Information 

Codec- Filter/ADPCM Tiranscoder Evaluation Kit 

The MC145536EVK is the primary tool for evaluation and demonstration of the MC1 45480 Single +5 V Supply PCM 
Codec-Filter and the MC1 45532 ADPCM Transcoder. The MC145536EVK provides the user with the hardware needed 
to evaluate the many separate operating modes under which the MC1 45480 and MC1 45532 are intended to operate. 

General 

• Provides Stand Alone Evaluation on Single Board 

• +5 V Only Power Supply 

• Easily Interfaced to Test Equipment, Customer System, Second MC145536EVK or MC145537EVK 

• Convenient Access to Key Signals 

• Generous Prototype Area for Application Development 

• The kit provides analog-to-analog, analog-to-digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) or digital- (64 kbps PCM; 

32, 24, or 16 kbps ADPCM) to-analog connections 

• Handset Included 

• Schematics, Data Sheets, and User's Manual Included 

MC1 45480 

• Single +5 V Power Supply 

• Typical Power Dissipation of 25 mW, Power Down of <1 mW 

• Conforms to CCITT and Bell Specifications 

• Mu-Law or A-Law Companding 

• Differential Analog Circuit Design for Lowest Noise 

• 20-Pin Plastic Package 

• Production in 1.5 Micron CMOS Process 

• UDR Design Layout Rules for Core Cell Applications 

MC1 45532 

• Single-Chip Full-Duplex PCM-to-ADPCM Encoder and ADPCM-to-PCM Decoder 

• Achieves High Audio Quality at Reduced Bit Rates 

• PCM Data Rate of 64 kbps 

• ADPCM Data Rates of 32, 24, or 16 kbps 

• Conforms to CCITT and ANSI ADPCM Standards 

• Custom DSP Engine Optimized for ADPCM Algorithm 

• Volume Production in 1.5 Micron CMOS Process 

• UDR Design Layout Rules for Core Cell Applications 



This document contains information on a new product. Specifications and information lierein are subject to change without notice. 
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Figure 1. MC145536EVK System-Level Block Diagram 
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Advance Information 

MCI 45540 ADPCM Codec Evaluation Kit 

The MC145537EVK is the evaluation platform for the MC1 45540 ADPCM Codec. This board provides the clock genera- 
tor circuitry and microcontroller interface to facilitate the evaluation of the MC1 45540. 

MC145537EVK Hardware Features 

Supports MC1 45540 +5 V or +3 V Operation 

Handset Interface/Handset Included 

Easy Access to all Analog and Digital Data, Clock, and Enable Signals 

EIA-232-D/ V.28 Terminal Control 

Analog-to-Digital (64 kbps PCM; 32, 24, or 16 kbps ADPCM) Path 

Digital- (64 kbps PCM; 32, 24, or 16 kbps ADPCM) to-Analog Path 

Supports Hardware Loopbacks 

• Analog-to-Analog 

• Digital-to-Digital 

Ability to Connect Two MC145537EVKs Back-to-Back 

Ability to Connect MC145537EVK and MC145536EVK Back-to-Back for +5 V Operation Only 

MC145537EVK Software Features 

MC68HC705C8 Resident Monitor 

Stand Alone or Terminal Operation 

Device Driver for Serial Control Port Interface 

Ability to Read/Write SCP Registers in MCI 45540 

Registers Can Be Individually Displayed and Modified 

Help Menu 



This document contains information on a new product. Specifications and information iierein are subject to change without notice. 
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GENERAL OVERVIEW 



The MC1 45540 ADPCM Codec is a single-chip imple- 
mentation of a PCM Codec-Filter and an ADPCM 
Encoder/Decoder, and therefore provides an efficient solution 
for applications requiring the digitization and compression of 
voiceband signals. This device is designed to operate over a 
wide voltage range, 2.7 to 5.25 V, and as such is ideal for bat- 
tery powered as well as ac powered applications. The 
MC1 45540 ADPCM Codec also includes a serial control port 
and internal control and status registers that permit a micro- 
computer to exercise many built-in features. 

The MCI 45540 ADPCM Codec is designed to meet the 32 
kbps ADPCM conformance requirements of CCITT Recom- 
mendation G.721 and ANSI T1.301. It also meets ANSI 
T1.303 and CCITT Recommendation G.723 for 24 kbps 
ADPCM operation, and the 1 6 kbps ADPCM standard, CCITT 
Recommendation G.726. This device also meets the 64 kbps 
PCM conformance specification of the CCITT G.714 Recom- 
mendation. 

The MC145537EVK is the evaluation board for the 
MC1 45540 ADPCM Codec. This board provides the clock 
generation that controls both the transfer of PCM and ADPCM 
data into and out of the MC1 45540, as well as determining the 
data compression rate (1 6 kbps ADPCM, 24 kbps ADPCM, 32 



kbps ADPCM, or 64 kbps PCM) for the ADPCM transcoder 
function. This data compression rate is determined by the 
duration of the transmit and receive frame synchronization 
pulses measured in data clock cycles, which are programmed 
by an 8-position dip switch. This evaluation board has voltage 
level shifters that allow the MC1 45540 to operate at a voltage 
lower than the +5 V supply required for the clock generator 
and microcontroller. 

This MC145537EVK has an MC68HC705C8P microcon- 
troller, which is running a monitor routine that interfaces the 
MC1 45540 to a 9600 bps EIA-232 port for access by a com- 
puter terminal. The microcontroller provides access to the 
programming registers of the MC1 45540 for read and write 
operations. This facilitates exercising both the hardware op- 
tions for trim gain, sidetone, analog signal routing and 
charge-pump operation, and the software options of the dual 
tone generator, noise burst detect and receive gain control. 
The evaluation board is designed to configure the MC1 45540 
after reset such that the charge-pump is operating and the de- 
vice is encoding and decoding analog at the rate determined 
by the clock circuitry. This allows the MC145537EVK to be 
functional without a computer terminal. 
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Richard L. Hall and Michael D. Floyd 

Telecom Systems Engineering 



This application note is intended to ease customer evalua- 
tion of the Motorola MC14402 PCM mono- circuit, par- 
ticularly when using the Motorola Mono-circuit Evaluation 
Board. Schematics and artwork of this board are given as 
well as layout guidehnes for designing the mono- circuit into a 
custom PC board. Analog testing considerations are men- 
tioned to help sidestep some of the troublesome aspects of 
codec/ filter evaluations. 

EVALUATION BOARD DESCRIPTION 

The Motorola Mono-circuit Evaluation Board is a small 
PC board that contains all necessary clock circuitry for 
operating the MCI 4402. Coaxial connectors allow access to 
the analog input/output ports and the only other connec- 
tions required are to the three power terminals — Vdd, Vss 
and VaG- The schematic for this board is shown in Figure 1 
while the artwork is given in Figure 2. 

The clock circuitry uses a 2.048 Mhz crystal to produce the 
2.048 Mhz data clock as well as the 8 kHz sync signal. The 
8 kHz sync is an 8-data-clock-wide pulse that is connected to 
the RCE, TDE and MSI inputs of the mono-circuit. RCE 
and TDE are the receive and transmit enables respectively, 
while MSI is the 8 kHz reference input. The 8 kHz sync is 
generated by the MCI 44 17 TSAC (Time Slot Assigner Cir- 
cuit). 

Options are available to help evaluate different channel 
parameters. These include: 

* 600 or 900 ohm channel impedance 

* RSI peak overload voltage of 3.15 or 3.78 volts 

* TTL or CMOS logic levels 

* Transmit and Receive gain adjustment (RxO gain only) 

* A or MU-law coding 

* Power-down capability 



These options are selected by solderable wire straps (S1-S6) 
as described in the Strapping Information Chart. The straps 
can be replaced by DIP switches if desired and can be ob- 
tained from: 

Grayhill Inc. 

561 Hillgrove Avenue 

La Grange, Illinois 60525 



P/N 
78J05 



Name 



Qty 

SI 1 

78J02 S2,S3 2 

78J01 S4-S6 3 



Figure 3 shows the physical location of the strap points as 
well as the component layout. The solid lines indicate the 
normal strap positions as shipped from the factory which 
select Mu-law, 900 ohm, CMOS, 3.78 volts peak operation. 
The straps El-ElO allow reprogramming of the clock lines to 
provide different clock schemes. Refer to the schematic in 
Figure 1 for changing these straps. 

TEST CONSIDERATIONS 

Input/Output Levels 

Obtaining valid test data is highly dependent upon estab- 
lishing the proper input/output voltage levels. However, this 
can be a somewhat confusing task since the mono-circuit can 
use three different peak overload voltages — 2.5, 3.1 and 3.8 
volts. The evaluation board permits selection of either 3.1 or 
3.8 volts. For 3.1 volts, the proper input/ output level for a 
dBmO test signal is +6 dBm/600 ohms (1.5455 volts rms). 
For 3.8 volts, dBmO corresponds to -1-6 dBm/900 ohms 
(1.893 volts rms). Usually, measurement levels are referenced 
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to dBmO to avoid possible confusion over absolute levels. 
For example, an absolute idle noise measurement of 21 
dBrnC becomes 15 dBrnCO when referenced to dBmO 
(where dBmO= +6 dBm in our system). 

Noise 



distortion and gain tracking should be avoided since these 
parameters involve very low voltage levels that require a 
selective voltmeter function for accurate results. Also, atten- 
tion should be given to correct selection of input/output 
parameters on programmable test gear such as the Hewlett- 
Packard 3779 PMA and others. 



Special care has been taken in the layout of the evaluation 
board to minimize noise corruption. The analog and digital 
sections are isolated from each other and bypassing is present 
to reduce high frequency noise. The use of shielded cable for 
analog test lines is recommended to prevent extraneous en- 
vironmental noise pickup as well as the use of a power supply 
reasonably free of high frequency noise. A 500 pF capacitor 
has been put on the RxO output to bypass any radiated asyn- 
chronous noise that might be picked up at this node. 

Test Equipment 

There are many different pieces of telecommunications 
test gear on the market and most will be more than adequate 
for testing codec/ filter parameters. However, the use of 
wideband measurement devices for such tests as quantizing 



LAYOUT GUIDELINES FOR PC BOARDS 

* Bypassing of both Vdd and Vss to Vag with 0.1 
microfarad ceramic capacitors (or any other capacitors 
with good high frequency behavior) as close to the part 
as possible. 

* Isolate analog lines from digital sections. The mono- 
circuit pinout facilitates this by keeping digital and 
analog pins on opposite sides of the chip. 

* Use gain-setting resistors in the range of 50 kfl>R>5 
kfi to avoid high impedance nodes in the analog section. 

* If Vls is tied to Vag for TTL level selection, then this 
connection should be a short, direct, low inductance 
trace. 

* In a dual supply environment, Vdd and Vss should be 
connected before Vag (ground). 
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NOTE: Drawings are not actual size. 



FIGURE 2 - Evaluation Board Artwork 
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NOTE: Drawings are not actual size. 



FIGURE 3 — Component Layout 



Strapping Information Chart 



SI These straps select via Ul (MC14417 TSAC) one 

of 32 possible time slots in the 8 kHz frame. 
When used in conjunction with another board, 
performance in different time slots can be 
evaluated, (that is TDE ^ RCE). 

S2A Selects 600 or 900 ohm input impedance. 

S2B Selects A or Mu-law coding. 

S3A Selects either TTL(TT) or CMOS(CM) logic 

levels. The TTL levels swing from VdD and 
VagJ CMOS levels swing from Vdd to VsS- 

S3B Powers device up or down. DN = Powered down 

and UP = Powered up. 

S4 Normally loops RDD to TDD. When R-ICN is 

strapped, Mu-law receive idle channel noise can 
be measured (RDD =11111111). 



S5 



S6 



R2,R3 
R4,R5 



R9 



J^out 



Controls digital ground of clock logic. When 

CMOS is strapped, digital ground = Vss; when 

TTL is strapped, digital ground = Vag- Note 

that this strap must agree with the selection on 

S3A. 

Selects either 3.78 or 3.15 volts peak overload 

voltage. 

Adjusts RxO output level where gain= - R3/R2 

(optional). 

Adjusts Tx Analog In level where gain = 

-R4/R5. 

A 1 kilohm pullup resistor is needed when Vag 

output is u sed by itself to provide ground return 

for RxO or RxO. If Vag is tied to system power 

ground, this resistor can be deleted. 

Determines output impedance. 
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A DB By Any Other Name. . . 

The following is a brief discussion of decibels and how 
they are used in the telephone industry in an attempt to lessen 
the notorious confusion this term can create. 

Engineers are very familiar with the equation definition of 
a decibel which is: 



= 10 log 



1000 (Vrms2) 
600 



Decibels = dB = 20 log ^ 



or its corollary: 



dB= 101og||. 



(1) 



(2) 



The use of the logarithmic function eases the use of the large 
range of voltage numbers encountered in the telephone in- 
dustry. A decibel is only a relative term; it defines the dif- 
ference between two absolute voltage levels. 

Which now brings us to the absolute decibel— the dBm 
(decibel milliwatt). A dBm is equivalent to a milliwatt of 
power delivered into a reference impedance — usually 600 
ohms. An equation commonly used to calculate dBm levels 
can be derived from equation (2): 



dBm = 10 log (P2/Pref) 
= 10 log (P2/0.001 W) 
= 10 log 1000 (P2) 

1000(Vrms2) 



= 10 log - 



600 ohm 



where reference impedance = 600 ohms. 



For example, to calculate the peak-to-peak voltage of a 
dBm sinusoidal signal: 



lOO = (5/3)Vrms2 
Vrms2 = 0.6 
Vrms = 0.7746 
Vp-p = 2(2)l/2Vrms 

= 2.191 volts peak-to-peak. 

In order to understand the proper level at a certain point in 
a system, the term dBmO is used for reference. A dBmO 
defines the nominal signal level at a test point node. Absolute 
levels can then be referred to in dBmO for comparison to the 
nominal level. For example, suppose that at a certain point in 
a system dBmO = +6 dBm/600 ohms. Then a -20 dBm 
signal would be equal to -20-( + 6)= -26 dBmO. There- 
fore, a -20 dBm signal would be 26 dB down from the 
nominal level. 

Noise measurements require a different decibel unit as they 
usually involve some bandwidth or filtering constraint. One 
such unit commonly used (especially in North America) is 
dBrn or decibels above reference noise. The reference noise 
level is defined as one picowatt into 600 ohms or - 90 dBm. 
Telephone measurements typically refer to dBrnC which is 
the noise level measured through a C-message weighting filter 
(a filter that simulates the response of the human ear). Euro- 
pean systems use a related term called dBmp which is the 
dBm level noise measured through a psophometric filter. 
Both dBrnC and dBmp can be referenced to dBmO by add- 
ing a zero — dBrnCO and dBmOp. Two examples are shown 
below to illustrate the use of these units: 

1) dBmO = + 6 dBm/600 ohms 
Noise measurement = 20 dBrnC 

= 14dBrnC0 

2) dBmO = +9 dBm/600 ohms 
Noise measurement = -70 dBmp 

= -79dBm0p. 

Understanding these units should help avoid any possible 
correlation problems between measurements and published 
specifications. 
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INTRODUCTION 

This application note is intended to give an understanding 
of key systems and how they differ. A theoretical architec- 
ture based loosely on many of the 16 station key systems now 
in existence will be presented. Possible variations and the im- 
pact on overall design will also be discussed. 

WHAT IS A KEY SYSTEM? 

A key system is a telephone system that can be used behind 
a PBX or central office. Generally, key systems are designed 
to support as many as 100 telephones, and provide service to 
these phones with up to 50 percent trunking (a trunk may be 
either a PBX or central office line connecting the key system 
to the rest of the world). The telephone set has several push 
buttons that are not generally found on a K500-type desk set. 
These push buttons allow direct access to several trunks, 
intercom lines and system features such as hold and do-not- 
disturb. The major difference between a key system and a 
PBX is that a key system allows the user full control over in- 
dividual trunks, while a PBX assigns whatever trunk is 
available when requested (usually this is done by dialing a 
"9*'). 

HOW DOES "SQUARENESS" AFFECT THE SIZE? 

There are two basic architectural types of key systems, one 
known as a "square" system, and the other a **non-square" 
system. In a square system, every subset has control over 
every trunk so there can be no special reserved lines. Some 
designs go one step further by forcing a button appearance 
for each station. The most obvious size limiting factor in a 
square system is the number of buttons on the phone. In a 
non-square system, each phone is provided with a subset of 
the available trunks. While this makes the non-square system 
design appear more attractive, one must understand the com- 
plexity involved. In a square system, only one set of tip and 
ring wire pair must be routed to the phone, and since each 
phone looks identical, bookkeeping by the CPU is held to a 
minimum. In a non-square system there must either be a 
separate voice pair for each trunk and intercom link, as in 



1 A2 system, or there must be a way to program the 
telephone's "profile" into the CPU so it can control the sta- 
tion accesses. This presents real problems as there must be 
some input and display device associated with the CPU plus 
some form of non-volatile data storage. This storage can be 
anything as simple as several dip switches, or as complicated 
as an intelligent controller that hooks into the system with a 
CRT terminal and programs several EEPROMs. 

WHAT IS A 1A2 SYSTEM? 

The 1A2 key system is an older system that relied on 
electro-mechanical devices to accomplish the tasks now 
replaced by modern integrated circuit technology. These 
systems generally included several pairs of tip and ring 
signals which led to each station, where complicated 
mechanical switches selected the desired pair. The connec- 
tions to the outside world were metallic, and therefore were 
of the non-protected variety. The biggest expense was cabling 
and installation labor, because the system required a 25-pair 
cable for each phone. 

WHAT IS MEANT BY "PROTECTION"? 

A protected key system is designed in such a way to pre- 
vent stressful voltages reaching the trunk under any circum- 
stances. Generally, this is accomplished by transformer 
coupling the trunk to the system at the interface and adding 
overvoltage protection. This will prevent any accidents from 
causing problems with the trunk, such as 110 Vac getting to 
the trunk from an improperly installed telephone. When a 
key system is not protected, it must be installed by a 
registered agent of the manufacturing company. Both 
distributor and manufacturer are burdened by expensive 
agency agreements if a system is not protected. 

KEY SYSTEM ARCHITECTURE 

A 16-station square system with protection is outlined in 
Figure 1. The trunk interfaces provide the necessary protec- 
tion to pass the FCC requirements, plus the circuitry to con- 
dition the voice and signaling information to make them 
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FIGURE 1 - Key System Unit 



easier for the system to handle. The voice information is 
passed to a voice matrix, where the information can be 
routed to the proper destinations, and the signaling goes to 
the CPU to indicate what is happening at the interface. The 
station appeiratus interfaces provide the voice and data inter- 
faces to the phones. The progress tones are for internal 
supervisory signaling within the switch. The CPU is charged 
with the supervisory and monitoring tasks for all other parts 
of the system. 

A much more detailed look at the voice matrix is provided 
in Figure 2. The voice matrix is an analog crosspoint variety 
which may be composed of relays or CMOS switches. Relays 
are a good voice switch medium for systems with eight or less 
stations, but the newer crosspoint ICs, such as the MC142100 
and MC142101, are much more cost effective. There is some 
loss associated with the switches (about 100 ohms) that does 
not occur in the relays. In our example we will consider a 
4x4x2 crosspoint and the dotted lines outlining the three 
chips needed for the matrix. The music-on-hold (MOH) 
music and the tones are separated to help alleviate crosstalk 
within the switch structure. The design includes the ability to 
handle 3 trunks and 1 internal conversion. This appears to be 
a standard that was implemented through the years. Most 
systems allow expansion to either 2 more trunks or a trunk 
and an intercom link by adding to the matrix. Bridging more 
than one trunk or station can be easily accomplished by set- 
ting multiple contact points. 

The loss the switch introduces into the system is the major 
drawback to using the CMOS crosspoint switch. The FCC re- 
quires that the electrical-to-acoustical loss of the system from 
the trunk to the station must not exceed 2.5 dB. A look at 
Figure 3A shows that a typical trunk-to-station loop has loss 
in two areas. The two crosspoint switches represent a typical 
200 ohm resistance when they are in an on state which creates 
about 2.5 dB of loss in a 600 ohm system. Each transformer 
also introduces some loss so the electrical-to-electrical loss 
exceeds 2.5 dB. Changing the internal resistance of the loop 



minimizes the switch resistance but the transformer efficien- 
cy is greatly decreased so no advantage is found here. The 
loop could be ampliHed, but this is costly and leads to 
unstable circuitry so the phone must be designed to operate 
on different levels from a standard phone. The FCC allows 
another 2.5 dB of loss for a station-to-station talk path as 
shown in Figure 3B so the extra switches in the loop are not 
a problem. 

Figure 4A is a block diagram of the trunk circuit. When 
the trunk is idle, the tip and ring are bridged by the loop relay 
across the ring detect circuit. This circuit signals the CPU 
when a call is ringing in from the central office or PBX. 
When the trunk is accessed by the system the loop relay con- 
nects tip and ring to. the transformer. The protect circuit 
helps prevent surge and static damage. The battery reversal 
detector is an optional circuit thai alerts the CPU when the 
tip and ring polarity has been reversed. This usually happens 
momentarily when a central office toll circuit has been ac- 
cessed, so this is for toll restriction. The loop detect circuit is 
needed to indicate when the connection has been terminated 
by the outside caller. This prevents the hold function from 
locking up a trunk. If pulse dialing is to be provided a relay 
circuit similar to the one in Figure 4B must be added to the 
loop. The CPU must read the pulses from the station and 
transfer them to the trunk. Another possible optional circuit 
is a ground loop detector. This is needed to detect grounds 
on a groundstart trunk. These trunks use a ground to start 
where loopstart trunks (the most common kind) use loop 
continuity to start. 

The station interface in Figu*'^ 5 is a four-wire design. The 
first pair (tip and ring) are used to provide voice communica- 
tions while the second pair (D + and D - ) provide data com- 
munications. The two resistors in the voice circuit provide a 
current limiting function to prevent catastrophic system 
failures should tip and ring get shorted together. The protect 
circuit functions in a manner similar to the trunk protect cir- 
cuit and the loop detect is used to detect the making and 
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FIGURE 2 - Voice Matrix 



breaking of the loop to pass pulse dialing signaling to the 
trunk. The resistors in the data interface do the same job in 
the voice circuit as does the protect circuit. The differential 
mode transmitter and receiver provide a serial data stream in- 
terface for the data communications. The data is generally in 
a half-duplex ping-pong arrangement, where the outgoing 
data tells the station which lamps should be on, whether the 
ringer is to ring, and whether the call announcer should be 
energized. The incoming data gives the status of the phone's 
hookswitch and the buttons on the keypad. 

Another name for the station apparatus is the keyphone or 
the subset. Figure 6 is a block diagram of the subset. Tip and 
ring come into the subset through the hookswitch. When the 
handset is on-hook, the tip and ring are directed to the 
handsfree/call announcer circuit. This circuit is similar to a 
speakerphone circuit. When the handset is removed from its 
cradle, the tip and ring is routed to the speech network for 
normed telephone operation. Each voice network is powered 
by the battery voltage on tip and ring. The data circuit is 
powered by its own battery feed to help prevent crosstalk be- 
tween voice and data. The data is brought into the control 
logic to activate the lamps, ringer, and in some cases, the 
handsfree/call announcer. 

There are several variations on the voice and data links to 
the subset. Some systems impress the data, which generally 
has a rate well above the voice channel, onto the tip and ring 
for a single pair run. Extra filtering is needed to separate 
voice and data. Another variation connects tip and ring to 
the speech network causing the handsfree/call announcer to 
receive voice over the same wire pair as the data. This allows 
"off-hook call announcing" where the user can be paged via 
the call announcer while off-hook talking. Generally the out- 
put level of the call announcer is greatly attenuated when the 
handset is not in the cradle. 

Another interesting variation to the architecture deals with 
how the dialing is controlled by the system. In this arrange- 
ment all DTMF tones or dial pulses originate at the subset 
and are passed through the system as though it is trans- 
parent. This is known as end-to-end signaling. An alternative 
is to place the pulse or tone dialer on the trunk interface and 
read the dial by the control logic so the dialing information is 
passed through the CPU to be interpreted at the trunk. The 
major drawback here is that there must be extra circuitry in 
the subset to produce aural feedback. In a normal phone the 
DTMF encoder mutes the speech network. Since the encoder 
is not here the mute is lost. The levels needed at the trunk 



may be uncomfortable, so they must not reach the user, 
therefore some feedback must be generated to indicate dial- 
ing has taken place. 

Adaptation of this system into a non-square system re- 
quires several major system modifications. Since a non- 
square system allows only a portion of the trunks and 
available features to be represented as buttons on the subset, 
some scheme of accessing other non-appearing trunks and 
features must be employed. This is usually done by dial ac- 
cess. In a dial access system, every subset must have a dial in- 
tercom button. When this button is accessed the system must 
provide a dial tone and a dialing register. The dialing register 
must be capable of counting dial pulses and decoding DTMF 
data. Since DTMF decoders alone are in the $20-$30 price 
range the number of registers are generally restricted. This 
can cause bottlenecking problems when there is a need for 
more dial accesses than the number of registers available. 
There is generally a tone associated with this overload (the 
overload is called blocking) that indicates to the user that all 
circuits are busy. If all intercom links are busy when access is 
needed, then blocking also occurs. Now that the buttons 
must have some flexible assignments a data base of the subset 
"profiles" must be retained by the CPU. In addition to this 
data base duty, new software overheads are necessary for the 
CPU to allow dial and button accesses, as well as the addi- 
tion of new, extended features such as dial intercom that are 
generally included in the non-square system. 

There are several alternatives in operation during a power 
failure. One solution is called powerfail cutthrough. In this 
scheme certain trunks are metalically connected to certain 
phones. Our subset design does not support this arrangement 
since ringing would be impossible and the call announcer 
would be bridged across tip and ring when the subset is 
on-hook. The system can be designed so that ringing occurs 
in a normal manner, but a ringing generator is necessary. The 
ringing generator is a specialized ac power source. An alter- 
native is battery back-up, and since most systems have a 
master power supply of 24-48 Vdc, this can be easily ac- 
complished. The major advantage to this that no calls are 
lost on the power loss as in cut-through, and unless a 
sophisticated cut-through system is employed, calls are lost 
on the return to power which again is not a problem in a bat- 
tery backed-up system. The system must be a low-power 
design or the battery back-up system may become pro- 
hibitively expensive. 
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FIGURE 3A — Trunk-to-Station Loop 
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FIGURE 3B - Station-to-Station Loop 



Tip-^ (h 



To 
Central 
Office 



Protect 



Ring- 



I — vw-J 



Battery 
Reversal 
Detect 



Ring 
Detect 



Loop 
Detect 



-► Tip 



To 
Matrix 



Ring 



-^ To 
_► CPU 



FIGURE 4A — Trunk Interface (Without Pulse Dialing) 



To 



Hookswitch -^ ♦- 

Relay 



-► To Transformer 



V -<- 



-To CPU 



FIGURE 4B - Pulse Dialer 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN893 
4-11 



Tip 



To 
Matrix 



Ring 



To 
CPU 



E 



Tip 



-r 



Loop 
Detect 



.Talk 
Battery 

► Ground 



Ring 



To 
Station 





-AAAr- 



■Vdd 



4 -Vy^ ► Ground 



D- 



D + 



FIGURE 5 — Station Interface (Without Ring Generator) 



D--^ 



D+-^ 



Dialer 



Dialpad 



Tip-^ 



Ring.<- 



Hybrid/ 
Speech 
Network 



I 1 

I nJ I Handset 

■^^ ! 



Handsfree/Call 
Announcer 



h<J 



Speaker 
\J Microphone 



Control 
Logic 



C 



Voltage 
Regulator 



•"Ground 



Keypad 



^ 



Display 



Ringer 



FIGURE 6 - Subset 



AN893 
4-12 



MOTOROLA COMMUNICATIONS DEVICE DATA 



GLOSSARY OF KEY SYSTEM FEATURES 



All Call — This is where all of the call announcers are 
energized in the system for a general announcement. This is 
similar to a page except the call announcers are used instead 
of auxiliary amps and speakers. 

Background Music — This is a feature that requires an exter- 
nal music source. The music is routed to all of the call an- 
nouncers so that, if desired, the call announcer can provide 
music when the subset is idle. 

Busy Lamp Field — This is an array of lamps or LEDs that 
indicate when each station in the system is busy or idle. This 
is usually abbreviated as BLF. 

Call Announce — This function is performed instead of ring- 
ing. When an individual phone is call announced, the call an- 
nounce circuitry is energized. A warning tone is then sent to 
both parties and then the parties are connected as in a con- 
versation. The called party can talk over the call announcer 
as if it were a speakerphone. 

Call Forward-Busy — An incoming call is routed to a sec- 
ondary subset when first subset is busy. 

Call Fonvard-Follow Me — An incoming call to one subset is 
routed directly to another subset. 

Call Forward-No Answer — If a call is not answered in a 
specified period of time, the call is rerouted to a second 
subset. 

Call Park — This feature is only used in non-square systems. 
When a call comes in it can be "parked," then any subset 
can pick the call up by accessing the parked call. This allows 
the subsets to pick up calls on non-appearing trunks. 

Call Progress Monitor — This is a device that allows the 
monitoring of the calling function prior to completing the 
connection. All dial tones, dialing tones and ring back tones 
are heard over an auxiliary speaker as it would sound over a 
handset. This is a simplex device so no conversation can be 
held. 

Camp On-Auto Call Back — When a called station is busy, 
the caller can camp on to that station so that when the subset 
becomes idle, it will ring. If the caller hangs up prior to the 
subset becoming idle, the caller's subset will ring and after he 
answers, the other subset will ring. The second case is known 
as auto call back and is an extension of the first case being 
camp on. 

Conference — A conference is a call that has more than two 
parties involved in the call at one time. 

Dial Intercom — A dial intercom is an intercom that when 
accessed allows the user to access other subsets, trunks and 
features with dial codes. This is only found in systems where 
there is not an access button for each subset. 



Do Not Disturb — When this feature is activated at a subset, 
no incoming calls will ring the subset, however, the phone 
can still be used for outgoing calls. The subset will not 
acknowledge the call announcer either. 

Direct Station Select — This allows one subset to establish an 
intercom call with a second subset by using a dedicated but- 
ton as opposed to a dial code. This is a very popular feature 
in small square systems and is generally referred to as DSS. 

Exclusion-Privacy — When active, this feature prevents 
other subsets from barging in on your call. 

Executive Override-Barge In — Barge in is a feature that 
allows one to enter an already active conversation so that a 
conference is created. Executive override is the same feature 
applied to special phones to overcome an exclusive call (see 
Exclusion). 

Handsfree — In an apparatus sense, this is known as 
speakerphone operation. In essence, a conversation is held 
over the subset's speaker and microphone while the handset 
is in the cradle. This frees the hands for other uses and 
several people can participate in the conversation at the 
handsfree end. 

Music-On-Hold — This is a feature that requires an outside 
music source that may or may not be the same source used in 
background music. When someone is parked or put on hold 
they are provided with music instead of silence. 

Page — This feature is similar to All Call except the general 
announcements are made over a user-supplied public address 
system instead of call announcers. This is especially useful in 
warehouse situations. 

Recall — The recall feature is designed to prevent excessively 
long holds and call parks. When a call has exceeded the recall 
timeout while on hold or parked, it will ring the subset that 
either put it there or an attendant station. 

Remote Answer — This feature exists only on non-square 
systems. When an incoming call rings a subset, it can be 
answered at another subset that does not have that particular 
line by invoking the remote answer feature. 

Repertory Dial — This feature can be associated with either 
the subset or the system. This is where several commonly 
called phone numbers are internally stored and can be 
automatically dialed when accessed. This is also known as 
speed or abbreviated dialing. 

Secretarial Intercom — This is a special case DSS where the 
called subset rings only while the access button is depressed. 
This allows private ring codes to be used between subsets to 
alert the users to special conditions. 
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Station Hunting — Station hunting is an advanced feature Toll Restriction — This feature prevents unauthorized 

found usually on large, complex system. This feature allows subsets from making toll calls. 

groups of subsets to be "hunted". When a call is placed to 

this group, the first phone rings for a preset period of time, Transfer — This feature is needed only in non-square 

and if there is no answer, the second phone in the group systems and it allows a call to be moved to a subset that does 

rings. This will progress through all the subsets and the call not have a button appearance for that call. 

can be answered at any subset at any time. 

Tie Trunks — A tie trunk is used to link systems together. 
Generally the two systems are remotely located and can even 
be in different cities. The tie trunk does not rely on central 
office intervention. 
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TELEPHONE QUALITY CVSD CODECS 
USING NEW BIPOLAR LINEAR/I2L I.C. 



Stephen H. Kelley 

and 

John J. Price 



INTRODUCTION 

Principles of continuously variable slope delta modulation 
for communications systems are discussed including an 
S plane model for a simple delta modulator with adjustable 
gain. A new bipolar i2l circuit for implementing CVSD 
systems is presented. System performance and design tech- 
niques for a basic voice band codec and a telephone quality 
codec are included. Double integration and active compand- 
ing ratio control techniques for improving codec per- 
formance is discussed. The emphasis is on a practical, mass 
producible telephone codec. 

The continuously variable slope delta modulator (CVSD) 
is a simple alternative to more complex conversion schemes 
in systems requiring digital communication of analog signals. 
Voice and audio communications are analog, but digital 
transmission of any signal over great distance is more attrac- 
tive. S/N ratios of the recovered signal do not vary with 
distance when using digital transmission; and multiplexing, 
switching, and repeating hardware is more economical and 
easier to design. However, instrumentation A to D con- 
verters do not easily meet the bandwidth constraints of com- 
munications requirements. The CVSD A to D is well suited 
to the requirements of digital communications and is an 
economical, efficient means of digitizing analog inputs for 
digital transmission. 



THE DELTA MODULATOR 

The innermost control loop of a CVSD converter is a sim- 
ple delta modulator. That portion of the CVSD is shown in 
Figure 1 . A delta modulator consists of a comparator in the 
forward path and an integrator in the feedback path of a sim- 
ple control loop. The inputs to the comparator are the input 
analog signal and the integrator output. The comparator out- 
put reflects the sign of the difference between the input 
voltage and the integrator output. That sign bit is the digital 
output and controls the direction of ramp in the integrator. 
The comparator is clocked so as to produce a synchronous 
and band limited digital bit stream. 

If the clocked serial bit stream is transmitted to a similar 
integrator at a remote point, the remote integrator output is a 
copy of the transmitting control loop integrator output. To 



the extent that the integrator at the transmitting location 
tracks the input signal, the remote receiver reconstructs the 
input signal. Low pass filtering at the receiver output will 
eliminate most of the quantizing noise if the clock rate of a 
the bit stream is an octave or more above the bandwidth of 
the input signal. Voice bandwidth is 4 kHz and clock rates of 
8 kHz and up are possible. Thus, the delta modulator 
digitizes and transmits the analog input to a remote receiver. 
The serial, unframed nature of the data is ideal for com- 
munications networks. With no input at the transmitter, a 
continuous one zero alternation is transmitted. If the two 
integrators are made leaky, then during any loss of contact 
the receiver output decays to zero and receive restart begins 
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FIGURE 1 - SIMPLE DELTA MODULATION 

An Analog Input Signal Can Be Digitalized and Transmitted by 

Synthesizing a Minimum Error Set of Voltage Ramps. 

The Comparator Clock Establishes the Channel Bandwidth. 



without framing when the receiver reacquires. Similarly, a 
delta modulator is tolerant of sporatic bit errors. 
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The fundamental advantages of the delta modulator are its 
simplicity and the serial format of its output. Its limitations 
are its ability to accurately convert the input within a limited 
digital bit rate. The analog input must be frequency limited 
and amplitude limited. The frequency limitations are gov- 
erned by the Nyquist rate while the amplitude capabilities are 
set by the gain of the integrator. For a given signal level, one 
specific gain will achieve an optimum noise level. Unfor- 
tunately, the basic delta modulator has a small dynamic 
range over which the noise level is constant. 

THE COMPANDING ALGORITHM 

The continuously variable slope circuitry provides in- 
creased dynamic range by adjusting the gain of the 
integrator. For a given clock frequency and input bandwidth, 
the additional circuitry increases the delta modulator's 
dynamic range. A block diagram of a complete CVSD codec 
is shown in Figure 2. A new bipolar/I^L integrated circuit 
has been built to provide all of the active elements. External 
to the basic delta modulator is an algorithm which monitors 
the past few outputs of the delta modulator in a simple shift 
register. The register is 3 or 4 bits long depending on the ap- 
plication. The CVSD algorithm simply monitors the contents 
of shift register and indicates if it contains all ones or zeros. 
This condition is called a coincidence. When it occurs, it in- 
dicates that the gain of the integrator is too small. The coin- 
cidence output drives a low pass filter. The voltage output of 
this syllabic filter controls the integrator gain through a V to 
I converter and a slope polarity switch whose other input is 
the sign bit or the up/down control of the delta modulator. 



stantaneous information about the shape of the input curve. 
The purpose of the algorithm is to control the gain of the 
integrator and to increase the dynamic range. Thus, a 
measure of the average input level is needed. By monitoring 
both the coincidence of ones and zeros, the shift register per- 
forms a function similar to a full wave bridge rectifier. 

The algorithm is repeated in the receiver and thus the level 
data is recoverable at the receiver. Because the algorithm 
only operates on the past serial data, it changes the nature of 
the bit stream without changing the channel bit rate. The bit 
stream in the channel is as if it were from a standard delta 
modulator with a constant level input. 

SYLLABIC AND INTEGRATION FILTER PROPERTIES 

The circuit in Figure 3 is the most basic CVSD circuit 
possible. For many intelligible voice channel applications, it 
is adequate. In this circuit, both the syllabic filter and the 
integration filter are composed of single-pole networks. 

The integration network is chosen to meet two simple con- 
straints. First, it must be an integrator throughout the voice 
band and second, it must be leaky so that bit errors can be 
tolerated and loss of receiver contact does not require an ex- 
ternal reset for reacquisition. Cji.l /tF and Ri = 10 k produce 
a 159 Hz break/frequency and a lossy network. 

The selection of the syllabic filter components illustrates 
an interesting property of the codec. The operation of the 
simple delta modulator may be investigated by deriving its S 
plane transfer function. The comparator is modeled with a 
unit limiter and a summer. The unit limiter has a describing 
function in S if the system is analyzed for sinusoidal inputs of 
the form e sin wt, that is 



ENCODE/DECODE CLOCK 




Digital Output = i^ e sin wt where A is the peak voltage of 
^^ the unit limiter. 



It is obviously a non-linear element since the transfer func- 
tion is dependent on the magnitude of the input signal. 

The integration filter has a straightforward transfer func- 
tion description: 



Analog Vput 
Digital Vouit 



Rx 
Ci(S + l/RiCi) 



where Rx is connected from the comparator output to the in- 
tegrator input and sets the gain of the simple delta 
modulator. 

The closed loop delta modulator model is then 



FIGURE 2 - CVSD BLOCK DIAGRAM 

A Delta Modulator Is Enclosed in a Digitally Controlled Gain Loop 

and Composes a Continuously Variable Slope Delta Modulator. 

A Bipolar/ |2l Integrated Circuit Has Been Designed to Provide 

All the Active Circuitry Required. 
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The simplicity of the all ones, all zeros algorithm should 
not be taken lightly. Many other control algorithms using the 
shift register have been tried. The key to the accepted 
algorithm is that it provides a measure of the average power 
or level of the input signal. Other schemes provide more in- 



Note that the response of the codec is a function of the 
magnitude of the input level. Closed loop CVSD systems can 
be analyzed for steady state inputs by substituting the 
syllabic filter voltage which corresponds to an applied e for 
A. Thus, the gain of the delta modulator is varied to accom- 
modate the applied input level. 
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For a CVSD circuit to perform as an adjusted delta 
modulator, the model equation indicates that A oc e must be 
nearly constant. The syllabic filter time constant must be 
large compared to the input frequency. For a maximum in- 
put frequency of 3300 Hz, the time constant must be much 
larger than the 0.3 ms. Thus 3 ms is the minimum allowed RC 
product for the syllabic filter in voice band applications. The 
syllabic nature of voice is responsible for the name "syllabic 
filter". A CVSD codec can only effectively transmit signals 
whose e varies at a frequency much lower than the funda- 
mental frequency of the signal. Conveniently, voice, modem 
signals and DTMF signals have this syllabic property. 

In Figure 3, a 6 ms time constant is used. In Figure 5, 3 ms 
charge and 9 ms discharge time constants are used to improve 
attack time without sacrificing constant A. Voice syllables 
tend to have this kind of shewed envelope. 



Ij^Vo^CjdVo 
Rl dt 

Now a dBmo sine wave has a peak value of 1.0954 volts. 
In 1/8 of a cycle of the sine wave centered around the zero 
crossing the sine wave changes by approximately its peak 
value. The CVSD step should track that change. The re- 
quired current for a dBm 1 kHz sine wave is 



l^ = \A^t + OAj^nj =0,935 mA 
^ *2(10k) 0.125 ms 



♦The maximum voltage across Rj when maximum slew is 
required is 1.1 V 
2 



CLOCK RATE AND SHIFT REGISTER LENGTH 

The prime design constraint of a CVSD channel is the 
channel bit rate. Since delta modulator produces a serial un- 
framed bit stream, the bit rate and sample frequency are the 
same. Obviously, as the clock rate increases so will the end to 
end performance. Clocks from 9600 kHz to 64 kHz can be 
used in various applications. 16 kHz, 32 kHz, and 37.7 kHz 
have the greatest acceptance in practical voice communica- 
tion equipment. 

After fixing the system bit rate, the shift register length 
selection must be made. The length of the shift register deter- 
mines the amount of past history which will be taken into ac- 
count in predicting slope. As the clock rate changes, so does 
the amount of signal time recorded by the shift register. 
Therefore, at rates below 16 kHz a three bit algorithm pro- 
duces the best results. From 16 kilobits and up, either 3 or 4 
bits may be used. Four bit algorithms provide flatter S/N 
performance because they account for a longer average past 
history of steady state signals. However, the transient 
response to level changes is slightly degraded because of the 
slower companding response. 

The integrated circuit is produced with either 3 or 4 bit 
registers and is selected by laser link cutting rather than mask 
option. Depending on the results of the idle channel trim cor- 
rections, the die requiring the smallest step sizes is made into 
a 4 bit register. 
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FIGURE 3 - BASIC CVSD ENCODER 

Single Pole Integration and a Single Pole Syllabic Filter 

Are Sufficient for Many Voice Channel Applications. 

Selection of External Components Tailors the Integrated Circuit 

to the Application. 



LOOP GAIN CONSIDERATIONS 

The feedback gain of the CVSD codec is set by the selec- 
tion of Rx in Figure 3. After the clock rate, this gain is the 
most critical parameter of codec performance. Since the 
CVSD algorithm improves the dynamic range of the delta 
modulator for lower level inputs, the selection of loop gain 
should be based on the near maximum amplitude and fre- 
quency signal which must be transmitted. Experimental data 
shows that a CVSD codec produces optimum S/N ratio when 
the companding algorithm is active between 5^o and 25% of 
the time. Taking this into account, the gain resistor Rx can be 
selected by determining the required integrator current which 
will produce the needed step size for a specified input signal. 
Then the resistor should source the required current when the 
syllabic filter output is about 25% of its maximum value. 

The current required to move the integrator output a 
specific voltage from zero is simply 



Now the voltage range of the syllabic filter is the power sup- 
ply vohage, thus 



Rx = 0.25(Vcc) 



0.935 mA 



for a 5 volt supply Rx = 1 .3 k 



MINIMUM STEP SIZE 

The final parameter to be determined for the simple en- 
coder in Figure 3 is the minimum step size. With no input, 
the CVSD digital output becomes a one zero alternating pat- 
tern and the analog output becomes a small triangle wave. 
The peak to peak value of that triangle wave is the idle chan- 
nel step size. Its meaning is analogous to the IVi LSB quan- 
tization error of a conventional D to A converter. The codec 
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cannot resolve or transmit signal levels smaller than the 
minimum step size. In theory, one would wish to make this 
parameter go to zero. However, practical errors such as up 
and down ramp matching, comparator hysteresis, and filter 
op amp offsets combine to cause the idle channel analog out- 
put to drift away from the zero dc reference. The codec then 
produces two ones or two zeros in order to restore the level. 
To set the idle channel step size, the value of R min must 
be selected. With no input signal, the slope control algorithm 
is inactive. A long series of ones or zeros never occurs. Thus, 
the voltage across the syllabic filter, the voltage divider of Rg 
and Rmin (see Figure 3) sets the minimum allowed voltage 
across the syllabic filter capacitor. That voltage divided by 
Rx must produce the desired ramps at the analog output. 
Again we write the integrator current equation 



Vo 
Il= — + Ci 
Rl ^ dt 



^1°. For small VoYe-^0. 



Rl 



rAVo. 



Il = Ci ^^" where AT is the clock period and AVo is the de- 

AT 
sired peak to peak value of the idle output. 

Thus if Rx and Rs are known, R min may be calculated for 
any system. The design of Figure 3 is complete. 

Figure 4 describes the performance of the codec in Figure 3 
with two sets of curves. The codec was optimized around 
dBm but the S/Nc ratio falls only 6 dB at - 30 dBm. The 
low pass nature of the codec and the change of frequency 
response with input level is documented on the left of the 
figure. 



S/N IMPROVEMENT USING TWO 
POLE INTEGRATION 

One pole integration filters are not the only possibility. If a 
two pole integration network is used instead of the simple 



one pole, an S/N improvement can be realized. An encoder 
using such a network is shown in Figure 5. Adding a second 
pole in the transfer function of the integrator simply reduces 
the total noise bandwidth of the analog output without af- 
fecting the relevant voice energies. From another point of 
view, a 11110111 input to a single pole integrator produces a 
large ramp reversal at the value since the step will be in the 
opposite direction but equal in magnitude to the 1 ramp 
before and after it. Since the analog signal is band limited, it 
was obviously continuing to decrease at the step and an er- 
ror in tracking is encountered. If two pole integration is used, 
the 101 reversal is filtered and the step is much smaller than 
the 1 step preceding it in the long string of ones. Thus the 
total error is less. A two pole filter can improve noise perfor- 
mance by 3 or more dB across the entire input level range. 
The first pole is still placed below 300 Hz to provide the 
1/S voice content curve and a second pole is placed some- 
where above the 1 kHz frequency. For telephone circuits, the 
second pole can be placed at 1.8 kHz to exceed the 1633 
DTMF frequency. The lower the second pole frequency, the 
greater the noise improvement. To ensure the encoder loop 
stability, a zero is added to keep the phase shift less than 
180°. This zero should be placed slightly above the low pass 
output filter break frequency so as not to reduce the effec- 
tiveness of the second pole. A network of 244 Hz, 1.8 kHz 
and 5.3 kHz is used for telephone application in Figure 5 
while 160 Hz, 1.2 kHz and 2.8 kHz might be used in voice 
only channels. The integration filter in Figure 5 has a transfer 
function of 
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The selection of the two pole filter network affects the selec- 
tion of the loop gain value and the minimum step size 
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FIGURE 4 - SIGNAL TO NOISE PERFORMANCE AND FREQUENCY RESPONSE 
Data Result From Testing the Circuit in Figure 3. 
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FIGURE 5 - TELEPHONE QUALITY DELTA MODULATOR CODER 
Both Double Integration and Active Companding Control Are Used to Obtain Improved CVSD Performance. 
Laser Trimming of the Integrated Circuit Provides Reliable Idle Channel and Step Size Range Characteristics. 



resistor. The required integrator current for a given change in 
voltage now becomes 



Iin = 



Vout R2C2 RiCi AVout + 



Ro Ro 
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Ro AT2 

The calculation of desired gain resistor Rx then proceeds 
exactly as previously described using this current equation. 

SUBSCRIBER CARRIER TELEPHONE QUALITY 
CODEC USING MC3418 

Two specifications of the integrated circuit are specifically 
intended to meet the performance requirements of commer- 
cial telephone systems. First, slope polarity switch current 
matching is laser trimmed to guarantee proper idle channel 
performance with 5 mV minimum step size and a typical 1% 
current match from 10 nA to ~ fiA. Thus a 300 to 1 range of 
step size variation is possible. Second, the MC3418 provides 
the four bit algorithm currently used in subscriber loop 
telephone systems. 

With these specifications and the circuit of Figure 5, a 
telephone quality codec can be mass produced. 



The circuit in Figure 5 provides a 30 dB S/Nc ratio over 50 
dB of dynamic range for a 1 kHz test tone at a 37.7 kilobit 
rate. At 37.7 kilobits, 40 voice channels may be multiplexed 
on a standard 1.544 megabit TI facility. This codec has also 
been tested for 10-7 error rates with asynchronous and syn- 
chronous data up to 2400 baud and for reliable performance 
with DTMF signaling. Thus, the design is applicable in 
telephone quality subscriber loop carrier systems, subscriber 
loop concentrators and small PABX installations. 

THE ACTIVE COMPANDING NETWORK 

The unique feature of the codec in Figure 5 is the step size 
control circuit which uses a companding ratio reference, the 
present step size, and the present syllabic filter output to 
establish the optimum companding ratios and step sizes for 
any given input level. The companding ratio of a CVSD 
codec is defined as the duty cycle of the coincidence output. 
It is the parameter measured by the syllabic filter and is the 
voltage across Cs divided by the voltage swing of the coin- 
cidence output. In Figure 5, the voltage swing of pin 11 is 6 
volts. The operating companding ratio is analoged by the 
voltage between pin 10 and 4 by means of the virtual short 
across pin 3 and 4 of the V to I op amp within the integrated 
circuit. Thus, the instantaneous companding ratio of the 
codec is always available at the negative input of Al . 
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The diode Dl and the gain of Al and A2 provide a com- 
panding ratio reference for any input level. If the output of 
A2 is more than 0.7 volts below Vcc/2, then the positive in- 
put of Al is(Vcc/2-0.7). 

The on diode drop at the input of Al represents a 12% 
companding ratio (12% =0.7 V/6 V). 

The present step size of the operating codec is directly 
related to the voltage across Rx which established the in- 
tegrator current. In Figure 5, the voltage across Rx in a direc- 
tion which reduces the difference between the companding 
reference and the operating ratio by changing the step size. 
The ratio of R4 and R3 determines how closely the voltage at 
pin 4 will be forced to 12%. The selection of R3 and R4 is in- 
itially experimental. However, the resulting companding 
control is dependent on Rx, R3, R4, and the full diode drop 
Dl. These values are easy to reproduce from codec to codec. 

For small input levels, the companding ratio reference 
becomes the output of A2 rather than the diode drop. The 
operating companding ratio on pin 4 is then compared to a 
companding ratio smaller than 12% which is determined by 
the voltage drop across Rx and the gain of A2 and Al. The 
gain of A2 is also experimentally determined but once deter- 
mined, the circuitry is easily repeated. 

With no input signal, the companding ratio at pin 4 goes to 
zero and the voltage across Rx goes to zero. The voltage at 
the output of A2 becomes zero since there is no drop across 



Rx. With no signal input, the actively controlled step size 
vanished. 

The minimum step size is established by the 500 k resistor 
between V^c and Vcc/2 and is, therefore, independently 
selectable. 

The signal to noise results of the active companding net- 
work are shown in Figure 6. A smooth 2 dB drop is reahzed 
from +12 dBm to -24 under the control of Al. At -24 
dbm, A2 begins to degenerate the companding reference and 
the resulting step size is reduced so as to extend the dynamic 
range of the codec by 20 dBm. The slope overload character- 
istic is also shown. The active companding network produces 
improved performance with frequency. The dBm slope 
overload point is raised to 4.8 kHz because of the gain 
available in controlling the voltage across Rx. The curves 
demonstrate that the level linearity has been maintained or 
improved. 

The codec in Figure 5 is designed specifically for 37.7 
kilobit systems. However, the benefits of the active com- 
panding network are not Hmited to high bit rate systems. By 
modifying the crossover region (changing the gain of A2), 
the active technique may be used to improve the performance 
of lower bit rate systems. 

The performance and repeatability of the codec in Figure 5 
represents a significant step forward in the art and cost of 
CVSD codec designs. 
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INTRODUCTION 

To help meet the demands for a cost effective solution to 
the ever growing voice/data world within the digital telephone 
and PBX realm. Motorola has created the Universal Digital 
Loop Transceiver (UDLT) voice/data circuit family. The pur- 
pose of this application note is to render an understanding of 
the UDLT voice/ data family and show a typical application for 
these CMOS parts. This is an evaluation of the application and 
performance of the MC145422/26 UDLT demonstration board, 
which was designed and built for customer evaluation. 

FUNCTION OF PARTS 
UDLT's 

The UDLT master (MC145422) and slave (MC145426) are 
transceivers that provide 80 kilobit-per-second full duplex syn- 
chronous voice and data communication to distances of two 
kilometers on 26 AWG twisted pair and further on heavier 
gauge pairs. The modulation technique used is a 256 kilobaud 
Modified Differential Phase Shift Keying (MDPSK) type burst. 
The MDPSK triangular waveform used in this modulation 
technique reduces radiation, EMI, and crosstalk due to its 
compact frequency spectrum. 

The master which is used at the telephone switch linecard 
bursts ten bits to the slave, consisting of eight bits of 
voice/ data and two signaling bits. The slave, which is used at 
the terminal or digital telephone, receives the burst from the 
master and upon demodulation of the burst synchronizes its 
clocks, and bursts ten bits back to the master. This "ping- 
pong" technique occurs within a 125 microsecond frame 
period and allows end to end full duplex, synchronous opera- 
tion. This full duplex operation between the master, at the 
digital linecard and the slave/ mono-circuit, at the digital 
telephone, enables each set to have high speed access to the 
PABX switching facility. 

At the linecard a microprocessor has complete control of 
the master. The Signal Enable input (SE) is a three state con- 
troller pin which if held high enables the power down, loop- 
back and the two signaling bits, thus allowing these signals to 
be bussed to the microprocessor. The master can be program- 
med via the Signal Insert Enable (SIE) pin to insert signaling bit 
two Into the LSB of the PCM word at Tx. This allows 
simultaneous voice and data transmission through the PABX 
without the need of changing existing hardware and software. 
Both the master and the slave have power down and loopback 
features for system power conservation and testing. The 
power down pin on the slave is a bidirectional pin. It can be 
used as an input to initiate a call. When the PD pin is pulled 
high, the slave will continue to burst every other frame (once 
every 250 microseconds) until the master responds by 
bursting. Once the master responds, the slave synchronizes to 



ping-pong with the master at an eight kilohertz rate. The PD 
pin can be left floating as an output, in which case the slave 
will pull PD high until the slave stops receiving bursts from the 
master then it will take PD low and stop bursting until PD is 
brought high or the master bursts again. A three state control 
can be used on this pin if the designer wants to send data to 
the master during a power down. The slave also has a Tone 
Enable input pin (TE) which when held high generates a 500 
hertz square wave tone at approximately -20 dBmO which 
can be used in the digital telset to provide audio feedback. 

MONO-CIRCUITS 

Motorola's family of Pulse Code Modulation (PCM) mono- 
circuits incorporate a codec, filter and voltage reference into a 
single IC. The general block diagram for Motorola's mono- 
circuits is shown in Figure 1. These devices perform the 
digitizing and recovery, as well as the band-limiting and 
reconstruction filtering necessary for voice digitization in 
telephone systems. The mono-circuits are tailored for a variety 
of telephone switch architectures. The family consists of five 
different device types. The MC14400, MC14403, and MC14405 
16 pin devices, the MC14401 18 pin device and the MC14402 
22 pin device allow designers to optimize for minimal con- 
figurations or select a full set of features. The MC14403, for 
example, can be used where minimal space is desired for the 
digital phone design whereas the MCI 4402 is available for 
maximum flexibility. The mono-circuit incorporates the band- 
pass filter required for antialiasing and 60 hertz rejection, the 
A/D, the D/A, both for either U.S. Mu-Law or European 
A-Law companding formats, the lowpass filter required for 
reconstruction smoothing, on-board precision voltage 
reference and does not require any external components. 

In this demonstration board, the full featured 22 pin 
MC14402 mono-circuit is used in the slave circuit showing its 
ability to adjust the receive gain while mainta ining a low im- 
pedance output using the RxO, RxG, and RxO pins. The 
MC14403 is used on the master board showing a simple 16 pin 
solution for the telephone handset interface. 

DATA SET INTERFACE (DSD 

The MC145428 Data Set Interface (DSD provides the asyn- 
chronous to synchronous and synchronous to asynchronous 
data conversion. This low power five volt CMOS device is 
ideally suited to interface between the RS-232 compatible data 
port of any voice/ data digital telset or terminal and the syn- 
chronous data channel of the UDLT. A block diagram of the 
Data Set Interface is shown in Figure 2. 

There are two basic modes of operation for the syn- 
chronous channel interface. In the first mode the DSI inter- 
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Figure 2. Block Diagram of the Data Set Interface 



faces to the eight kilobits-per-second data channel of the 
UDLT. The Clock Mode input (CM) is tied low while the Data 
Output Enable (DOE) and Data Input Enable (DIE) are tied 
high. In this mode a new data bit is clocked out of Data Chan- 
nel Output (DCO), a new data bit is clocked in at Data Channel 
Input (DCI), on each falling edge of the Data Clock (DC). 

In the second mode of operation, the clock mode is held 
high. In this mode the DSI is intended to interface with the 
UDLT's 64 kilobits-per-second data channel. Data is clocked 
out under control of DOE and the rising edge of DC. Data may 
be clocked out at a maximum length of eight bits per enable 
high period. Data is clocked into DCI under control of DIE high 
and the falling edge of DC. The maximum word size is also 
eight bits per DIE high period. 



Asynchronous data is input on the TxD pin from the output 
of the RS-232 receiver. This data must have at least one start 
and one stop bit and at least eight data bits, but will accept 
nine. The length of the data word is set by the DL pin. A high 
on DL selects a nine bit data word and a low selects an eight 
bit data word. The baud rate at which the DSI accepts data on 
the TxD pin, and outputs data on the RxD pin, is selected with 
the BR1, BR2, and BR3 pins which derive the internal sampl- 
ing clock. The internal baud rate generator may be programm- 
ed to accept common asynchronous data rates from 300 to 
38.4 kilobits-per-second. This internal sampling clock is 16 
times the selected baud rate. If BR1-BR3 are all set to logic 
zero then an externally supplied 16 times clock can be used on 
the Baud Clock pin (BC) thus giving the user a variable data 



AN943 
4-22 



MOTOROLA COMMUNICATIONS DEVICE DATA 



rate from zero to 128 kilobits-per-second. For the internal baud 
rate generator to be accurate, a 4.096 megahertz clock must 
be used at the BC pin. If the internal baud rate generator 
dividers are used with a BC clock other than 4.096 megahertz, 
the data rate may be directly scaled. 

Data input on the TxD pin is stripped of its start and stop 
bits and is loaded into the transmit FIFO register. If the 
transmit FIFO holds more than two data words or if RESET is 
held low, then the (TxS) Transmit Status output pin will go 
low. 

Data coming in from the synchronous side is loaded into the 
receive FIFO, the data has its start and stop bits inserted and is 
output at RxD at the same baud rate as the transmit side. If the 
receive FIFO is ovenft/ritten, RESET is held low, or if loss of 
synchronization occurs by the loss of the synchronizing flag 
word, then the (RxS) Receive Status output pin will transition 
low. 

RS-232 DRIVERS/RECEIVERS 

The RS-232 Driver/ Receiver chips interface the data ter- 
minal equipment with data communications equipment. 
Motorola manufactures both the MC1488 Quad Line Driver as 
well as the MC1489 Quad Line Receiver. Both 14 pin packages 
were used in this evaluation board. Motorola also manufac- 
tures the MCI 45406 Driver/ Receiver chip which is a silicon- 
gate CMOS integrated circuit that combines three drivers and 
three receivers compatible with the electrical specifications of 
EIA standard RS-232-C, and CCITT V.28. This part has the 
capability of running with power supplies ranging from ±5 
volts to ± 12 volts while operating with a maximum quiescent 
current supply of 1 .45 milliamperes. By combining both the 
drivers and receivers in a single CMOS chip, the MC145406 
provides an efficient, low-power solution for RS-232-C/V.28 
applications. A footprint for the MC145406 is included on the 
evaluation board design. 
TRANSFORMER INTERFACE 

The transformer interface between the UDLT and the 
twisted pair wire is of primary importance. The major 
transformer specifications can be determined from the 
specifications of the UDLT, driver/ receiver, modulation 
teSchnique, effective characteristic impedance of the wire, at- 
tenuation of the wire and dc current feed capacity. The UDLT 
has a differential output (L01, L02) that can drive 440 ohms 
differentially to five volts peak to peak. The receiver has an in- 
put threshold of ±25 millivolts. The UDLT modulation method 
has maximum power bandwidth from eight kilohertz to 512 
kilohertz. To improve line settling between bursts, a band- 
width of 20 kilohertz to 512 kilohertz is used. The effective 
characteristic impedance of 26 AWG telephone twisted pair 
wire is approximately 110 ohms with an attenuation of 18 
decibels-per-kilometer at a frequency of 256 kilohertz. The 
transformer configuration is shown in Figure 3. 

The source impedance resistors for the L01 and L02 driver 
outputs were chosen to be 220 ohms on the transmit tap. This 
dictates a turns ratio of 2:1 to the line side of the transformer 
to result in an impedance match to the 1 10 ohms characteristic 
impedance of the twisted pair. 

To set the 20 kilohertz low-frequency cut off of the 
transformer interface, the inductance of the transmit winding 
of the transformer should be 1 .75 millihenries. To set the 512 




Figure 3. Transformer Configuration 

kilohertz high-frequency cut off, a 0.001 microfarads capacitor 
is connected in parallel with the transmit tap. The turns ratio 
for the receive winding is determined by the maximum at- 
tenuation of the line and the threshold of the receiver detecter. 
With an initial amplitude of 2.5 volts peak (five volts peak to 
peak) at L01 and L02 halved by the source resistors to 1 .25 
volts peak at the transmit tap, which is halved again via the 
turns ratio to the line windings, yields 0.625 volts peak at the 
line side of the transformer. This 0.625 volts peak is reduced 
by 36 decibels or a factor of 63 to ten millivolts at the receiving 
transformer. The receiver of the UDLT has a positive and 
negative 25 millivolt threshold, which means the receive 
transformer tap needs a gain of approximately four to meet the 
needs of the receiver circuitry of the LI pin. This results in the 
transformer of the schematics, which may be obtained from: 

Leonard Electric Products Company 

85 Industrial Drive 

Brownsville, Texas 78521 

P/N P-1358-A 
The signals from L01 and L02 on the transmit tap are 1 .25 
volts peak which through the turns ratio to the receive tap 
becomes 2.5 volts peak at LI. This can exceed the maximum 
and minimum voltage specification for LI requiring input pro- 
tection such as the clamping diodes on LI, shown in Figure 4. 
When using battery feed through the transformer, further 
protection is required due to loop current induced spikes at 
both transmit and receive taps of the transformer. There are 
several factors to take into consideration when determining 
the specifications for battery feed current by the center tap of 
the line side of the transformer. The maximum power is 
transferred when half of the source voltage is dropped across 
the effect source resistance. Based on a loop length of two 
kilometers with a dc resistance of 270 ohms per loop 
kilometer, a current of 44 milliampheres is the maximum 
power transfer current. The loop current chosen for the 
specification is 100 milliampheres. The circuit of Figure 4 is an 
example of this type of protection. 

EVALUATION BOARD DESCRIPTION 

The Motorola UDLT evaluation board is a single sided PC 
board that consists of all the necessary circuitry for end to end 
operation and demonstration of the 80 kilobits-per-second full 
duplex synchronous data link of the UDLT master and slave. 
The evaluation board itself consists of two smaller boards; a 
master board and a slave board. These two boards may be 
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separated by cutting the panel in half along the two markers, 
shown in Figure 7. The master board schematic is shown in 
Figure 5 and the slave board schematic is shown In Figure 6, 
while the artwork Is shown in Figure 7. 

The master board contains the master UDLT (MC145422), 
DSI {MC145428), Mono-circuit (MC14403), the MC1488/1489 
or MC145406 RS-232 drivers and receivers, and the necessary 
clock circuitry to drive these parts. The master board emulates 
both another digital telset plus the telephone switch interface 
to the slave board. The master typically is used in the digital 
switch at the PBX, networked with other digital and analog in- 
terface circuits. 

The slave board contains the slave UDLT (MC145426), DSI 
(MC145428), Mono-circuit (MC14402), MC1488/1489, or 
MC145406 RS-232 Driver/ Receiver chips. The slave side 
emulates a digital telephone where the analog information is 
digitized at the phone and the Information from the phone is 
digital. 

Both master and slave boards have their second eight kilobit 
signaling channel connected to a DSI for up to 9600 baud of 
user data simultaneously independent of voice. The baud rates 
are selected with switches BR1-BR3 (see strapping informa- 
tion). Each board has a DB-25 connector for easy connection 
to any terminal. Only TxD, RxD, and Ground are connected on 
the DB-25. Data to and from the DB-25 is fed through the 
MC1488, MC1489 and the MC145406 Driver/ Receiver chips. 
The socket for the MC145406 RS-232 Driver/ Receiver chip is 
Included on each board for evaluation. This part can replace 
both the driver and receiver chips. Once replaced, the user at 
his option can cut the MC1488 and MC1489 pads out of the 
PC board along the dashed lines. This enables each board to 
fit in a K-2500 phone. 

Each board has an RJ-11 socket for easy connection to any 
modular handset. The signal from each handset is fed through 
the respective mono-circuit into the 64 kilobit voice channel on 
the UDLTs. Both master and slave boards have space for a 



push button switch which can be hardwired onto the SI1, 
along with an LED on S01 for signaling on channel one. This 
channel is optional to the user and can be used with a micro- 
processor in the phone or a pulse dialer. Signaling bits one and 
two provide eight kilobits-per-second each of protocol in- 
dependent data. Switches permit access to particular features 
of the voice/data integrated circuits on both boards, as ex- 
plained below. 

STRAPPING INFORMATION 

The component layout is shown in Figure 8. The layout 
shows the footprints for switches which can be used with wire 
straps. The solid lines indicate the normal strap positions 
which; select Mu law, 9600 baud data rate, with one start bit, 
eight data bits and one stop bit. The dip switches can be used 
if desired and can be obtained from: 

Grayhill Inc. 

561 Hillgrove Avenue 

La Grange, Illinois 60525 



P/N 
78J05 
78J02 



Name 

SI, S2 

S3 



Qty 
3 

1 



STRAPPING ON THE MASTER 

SI - These straps select via U2 (MC145428 DSI) the number 
of stop bits, the length of the data word and the baud rate 
selected for the asynchronous data. 
SW1 — (SB) A high selects two stop bits; a low selects one 
stop bit. 

SW2-SW4-(BR3-BR1) - These bit rate inputs select the 
asynchronous bit rate, either externally supplied at the BC 
pin (16 times clock) or one of the supplied bit rates shown in 
the table on page 2-309 of the Telecommunications data 
book. 

SW5 — (DL) This Data Length input pin selects a nine bit 
data word when high or an eight bit word when low. 
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ed by cutting the trace that jumpers across 
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PARTS LIST 




PART 
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(PART NUMBER) 
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LED (T1) 


1 
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2 
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52 — This switch is optional and Is hardwired to signaling 
channel one for demonstration using LEDs. The footprint for 
this switch is included on the board. 

This switch can be obtained from: 
Cutler-Hammer 
P/N B8500W/P281R 

53 — These straps select Mu or A laws and power down on 
the MC14403 Mono-circuit and MC145422 master UDLT. 

SW1 — (PD) This strap when high, powers both the mono- 
circuit and master UDLT. When low, both parts are 
powered down. 

SW2 — (Mu/A) Selects Mu or A law coding. 
Loopback and Valid Data on the master can be accessed via 
pads. 

STRAPPING ON THE SLAVE 

51 — Same as SI on the master; selects asynchronous data 
format and bit rate. 

52 — These straps select Tone Enable, Power Down, Mu/A, 
and Loopback features of the slave (MC145426) as well as 
Mu/A and Power Down on the MC14402 Mono-circuit. 

SW1 - (TE) A high enables a 500 hertz tone. 
SW2 — (PD) Powers both the slave and mono-circuit up or 
down. High = powered up, and Low = powered down. 
SW3 — (Mu/A) Selects Mu or A law coding for the mono- 
circuit. 

SW4 — (Mu/A) Selects Mu or A law coding for the slave 
UDLT. 



SW5 — (LB) When low, the 64 kllobits-per-second of infor- 
mation coming from the master will loop through the slave 
and return to the master. The signaling bits are unaffected. 

S3 — Same as the S2 switch on the master. 



POWER SUPPLY CONSIDERATIONS/LAYOUT 
GUIDELINES 

The power supply requirements for these boards are Vqq at 
+ 5 volts, Vss at - 5 volts and Vqc which is the RS-232 driver 
positive voltage of + 7 to + 12 volts for the MC1488. Vcc nnay 
be as low as +5 volts with the MC145406 Driver/ Receiver 
chip. The power supply current required by each of these 
voltages is less than 30 milliamperes. This results In a total 
slave board power consumption of less than 400 milliwatts. 
This amount of power may be supplied by the loop using a 
linear supply. To Isolate the RS-232 port with respect to earth 
ground, a switching regulator powered by the loop or an ex- 
ternal power supply will be required. If a switching regulator is 
used, it should be synchronized to the eight kllohertz and 128 
kilohertz clocks of the slave UDLT to reduce the affects of 
aliasing noise Into the analog circuitry of either the UDLT or 
audio voice channel. This function will be supported by the 
MC34129 Digital Telephone Switching Power Supply Con- 
troller chip. This device has the capability to power-up and 
regulate on its internal oscillator. After regulation is establish- 
ed it can synchronize to an external clock such as the slave's 
128 kilohertz clock. 





SLAVE UDLT DEMO BOARD 






PARTS LIST 
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(PART NUMBER) 
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Figure 6. Slave UDLT Demo Board 
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A Voice/Data Modem 
Using the MCI 45422/26, 
MCI 45428 and MCI 4403 



GENERAL APPLICATIONS 

This voice/data application allows an analog telephone sys- 
tem to support simultaneous voice and data across a single 
twisted-wire pair. Figure 1 shows how this system is imple- 
mented. To use the voice/data modem, the analog telephone 
line must be intercepted at the telephone system by one mo- 
dem (the PBX-CPU Interface). The analog signals are then 
converted to digital signals, combined with data and trans- 
mitted down the remaining line as a digital loop. The second 
modem (the Telset-Termlnal Interface) terminates the digital 
loop, reconstructs the analog signals and sends this infor- 
mation to the telephone that is plugged into the modem. The 
digital data is removed from the digital loop information and 
routed to the endpoint terminal. Any signalling information 
(hookswitch status and ringing) is handled by a second data 
channel, and it too is combined with the data and digitized 
voice for transmission on the digital loop. 

ANALOG CODING AND DECODING 

Analog signal digitization and reconstruction on both mo- 
dems are done by the MC14403 Mono-circuit. The mono- 
circuit band limits incoming analog signals to prevent aliasing 
and then samples them with a sample and hold amplifier. This 
information is then digitized by an on-board analog-to-digital 
converter. This converter creates an eight bit 'companded' 
word for each sample by converting the signal to a pseudo- 
logarithmic form known as Mu-Law compandingj (A-Law com- 
panding is also available). In this manner approximately 78 dB 
of dynamic range can be represented by compromising the 
signal-to-distortion specifications. The mono-circuit is also ca- 
pable of performing the reverse digital-to-analog conversion 
for this 'companding' technique. There is a reconstruction filter 
to convert the resultant stepped waveforms into a continuous 
waveform that very closely approximates the original analog 
input. 

THE DIGITAL LOOP TRANSMISSION 

The MC145422 master Universal Digital Loop Transceiver 
(UDLT) and MC145426 slave UDLT are used to transmit the 
digital information between the modems. In addition, the slave 
UDLT must be capable of determining and maintaining syn- 
chronization with the master UDLT so that word boundaries 
may be defined. The UDLT transmits a 10 bit, 256 kilobaud 
burst of information at an 8 kHz rate. By controlling the fre- 
quency of the burst from the master, the slave can sense and 
generate syncs. In this 10 bit word is the 8 bit voice sample 
along with one signalling bit and one data bit. Since each burst 
carries one digital "voice" word, the UDLT must create bursts 



at a rate of 8 kHz. This obviously means that both the data 
channel and the signalling channel operate at an 8 kbps speed. 

ASYNCHRONOUS TO SYNCHRONOUS DATA 
CONVERSION 

Since data Is transferred at an 8 kbps rate in a synchronous 
mode, the MC145428 Data Set Interface (DSD Is used to con- 
vert an asynchronous data stream into the 8 kbps synchronous 
stream. The DSI can take data at speeds up to 9600 baud on 
the asynchronous channel and convert it to 8 kbps synchron- 
ous. The DSI is capable of supporting asynchronous speeds 
well in excess of 9600 baud, however, with an 8 kbps syn- 
chronous channel, dynamic handshaking on the asynchronous 
channel would be required. The DSI is also capable of con- 
verting the received synchronous data back into asynchronous 
data at the same time. 

THE PBX-CPU INTERFACE 

Figure 2 shows the block diagram of the PBX-CPU Interface. 
This circuit contains an analog interface that mimics the tele- 
phone electrical characteristics with respect to the PBX. This 
makes the voice/data modem transparent to the telephone 
system. The RS-232-C terminal interface is a 9600 baud asyn- 
chronous interface that appears to be a modem (data set 
equipment) to the data device (data terminal equipment). The 
digital loop is a specially devised transmission scheme that 
uses the UDLT to its fullest advantage. The digital loop is 
capable of excellent data performance (better than 8 x 10~8 
bit-error-rate in 95% of the installations) on twisted pair up to 
2 kilometers in length (26 gauge wire worst case). 

The analog loop as shown in Figure 3 must be able to provide 
all the necessary interface considerations to simulate a tele- 
phone. The interface must be able to control the loop like a 
phone and it must be able to interface the voice signals, i.e., 
provide a 2-to-4 wire hybrid. In an idle condition (the handset 
is in the cradle or "on-hook"), the telephone appears as a high 
dc impedance. The relay provides this by "breaking" the loop 
and preventing dc current flow. When the phone goes off- 
hook, the dc impedance is drastically reduced. In a normal 
environment the phone must draw a minimum 20 mA of loop 
current, and since 48 volts is supplied to the loop at all times, 
this can be accomplished with resistor R6 or R7. This would 
energize a "ring-trip" relay coil which would disconnect any 
ring signals in the telephone system. At the same time an 
analog voice path would be established. The ac impedance of 
the telephone is typically held to 600 ohms to maintain trans- 
mission line balance and to minimize 60 Hz noise. 
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When the phone is on hook, it must be capable of detecting 
a ring signal. Ringing is typically a 100 volt RMS 20 Hz signal 
impressed on the 48 volt dc level. In this scheme ringing is 
detected with the MC34012 (U9) bipolar ringer chip. The 2- 
to-4 wire hybrid not only preserves the 600 ohm ac impedance, 
but it also converts a 4-wire system (separate transmit and 
receive) into a 2-wire current loop environment. In this design 
this is done with a duplexer circuit made up from the mono- 
circuit op-amps and resistors R12 through R16. Diodes 4 and 
5 prevent excessive voltage transients from damaging the 
mono-circuit (U7). Engineering Bulletin EB111 provides a de- 
tailed analysis of the duplexer design. 

TIMING SIGNAL GENERATION 

The timing signals that drive the mono-circuit, UDLT (U4) 
and DSI (U5) are derived from U1, U2 and U3. U1A is a 
standard CMOS crystal oscillator topology designed for AT- 
cut parallel resonant crystals. U1B buffers the master clock 
signal (4.096 MHz) and then sends it to the DSI and U2A. 
U2A is a flip-flop that divides the signal by 2 to get the mono- 
circuit and UDLT master (CCI) and data clocks (2.048 MHz). 
U3 and U2B are a divider network that creates the 8 kHz master 
sync signal from the 2.048 MHz clock. This 8 kHz signal is 
also used as the enable signals for data communication be- 
tween the UDLT and mono-circuit, and the DSI and UDLT. 

Voice data is clocked out of both the UDLT and mono-circuit 
in 8 bit packets. These packets are defined by the 8 kHz sync 
positive-going level. This level is eight 2.048 MHz clocks long 
so the 2.048 MHz clock is the transport clock. The information 
is clocked out on leading edges. The information is clocked 
in on falling edges of the same 2.048 MHz clock and is likewise 
controlled by the positive portion of the 8 kHz signal. 

Digital data and signalling information is directly controlled 
by the 8 kHz sync. The data is clocked into and out of the 
UDLT on the leading edge of the 8 kHz signal, and into and 
out of the DSI on the falling edge of the 8 kHz signal. This 
scheme is guaranteed on the UDLT but must be set up by 
tying the CM pin low on the DSI. Data out of the DSI can be 
three-stated through the DCO pin, but in this application this 
is not necessary. The UDLT data-channel output can also be 
put into a high impedance mode by the SE pin, and again, 
this is not necessary in this application. 

The asynchronous output and input of the DSI is an NRZ 
(Non-Return to Zero) 5-volt CMOS signal that requires level 
conversion to be RS-232-C compatible. The MC145406 CMOS 
RS-232-C Driver-Receiver chip (U6) performs this function 
quite nicely. 



THE DIGITALLOOP INTERFACE 

The UDLT provides the needed signals for digital loop trans- 
mission. The interface circuit shown is a typical circuit designed 
to utilize the UDLT features to the fullest. For a detailed de- 
scription of the digital loop, consult application note AN-943. 



THE TELSET-TERMINAL INTERFACE 

Figure 4 is the block diagram of the Telset-Terminal Inter- 
face. In a telephone system this unit must look like a line card 
to the telephone. The data communications port is once again 
intended to look like a modem. This portion of the design is 
the same as the digital loop interface. The only other variable 
part of the design is clock generation. 

Clock generation is the sole responsibility of the slave 
UDLT. The UDLT has an on-board crystal oscillator that uses 
a 4.096 MHz crystal to generate a master clock. From this 
clock an 8 kHz sync similar to the one used in the PBX-CPU 
Interface is generated. This sync is now called TEI and is used 
like MSI except for communication from the mono-circuit. A 
sync that is basically the inverse of TEI, called REI, is used to 
enable the mono-circuit to output digital voice, and for the 
UDLT to receive this voice. The data clock that is generated 
(128 kHz) is used to clock the data with respect to TEI and 
REI. The DSI will use TEI to clock data to and from the UDLT, 
and it will get a master 4.096 MHz clock by tapping off the 
crystal oscillator output (X2). 

The analog loop interface (see the schematic in Figure 5) 
uses the same duplexer circuit for regeneration of the 2-wire 
loop, but it must provide the complimentary signalling func- 
tions. It must first supply power to the telephone at all times 
and be able to tell when the phone is off-hook. Power is 
supplied by feeding the ± 5 volt supplies over the loop through 
current limiting resistors (R13 + R14). Current flow is detected 
through the opto-coupler (U5) when the phone is off-hook, 
and then hook status is passed to the loop relay on the PBX- 
CPU interface. Ringing is handled within the modem as op- 
posed to generating the ring voltage and sending it to the 
phone. The output of the UDLT signalling channel toggles at 
the typical 34012 rate when the PBX is ringing out, so this 
output is used to drive a transistor which in turn drives a piezo 
speaker. An alternate solution would be to drive a small PM- 
type speaker that has a capacitor filter to eliminate harsh har- 
monics from the square waves. 
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Figure 2. PBX-CPU Interface Block Diagram 
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Figure 3. PBX-CPU Interface 
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PBX-CPU Interface Parts List 



R1- lOMfl 
R2- 220 fi 
R3- 220 fi 
R4- 1 kQ 
R5- 10 kfi 
R6- 67 1/2W 
R7- 67 1/2 W 
R8- 560 12 
R9- 4.7 kfi 
R 10-4.7 kl2 
R11-270kn 
R12-10 kfi 
R 13-20 kfi 
R 14-600 S2 
R15-10 kfi 
R 16-20 kft 
R17-1.8kl] 
R18-180 kfi 
R 19-330 Q 



CI- 20 pF 
C2- 20 pF 
C3- 0.1 /iF 
C4- 0.1 /xF 
C5- 0.005 nP 1 kV 
C6- 0.47 n? 
C7- 2 /iF 
C8- 10 /iF 
C9- 0.1 ;tF 
C10-10/tF 
C11-0.1 ^F 
C12-0.1 nF 
C13-0.1 liF 
C14-0.1 /iF 
C15-0.1 /iF 
CI 6-0.1 liF 
C17-4.7 /iF 
C18-1000 pF 



D1- 1N914 

D2- 1N914 

D3- 1N4001 

D4- 1N4683 

D5- 1N4683 

XTAL-4.096 MHz 

U1- 74HCU04 

U2- 74HC74 

U3- 74HC393 

U4- MC145422 

U5- MC145428 

U6- MC145406 

U7- MC14403 

U8- 4N26 Optocoupler 

U9- IVIC34012 

Q1- 2N2222 



T1- Lepco P-1358-A 
T2- 600 fi:600 fi 
SW1-5:SPDT 



Telset Terminal Interface Parts List 



R1- lOMfi 


CI- 20 pF 




D1- 1N914 






T1- Lepco P-1358-A 


R2- 1 kl2 


C2- 20 pF 




D2- 1N914 T2- 600 12:600 12 


R3- 220 fi 


C3- 0.1 /iF 




D3- 1N4683 SW1-5:SPDT 


R4- 220 Q 


C4- 0.1 /iF 




D4- 1N4683 




R5- 1 kQ 


C5- 47 /tF 




01- ?N???? 




R6- 10 kl2 


C6- 0.1 /iF 




02- 2N2907 




R7- 270 kfi 


C7- 10 /iF 




XTAL-4.096 MHz 




R8- 10 kfi 


C8- 10 /iF 




U1- MC145426 




R9- 20 kfi 


C9- 0.1 /iF 




U2- MC145428 




R 10-600 12 


C10-0.1 /iF 




U3- MC14403 




R11-10kl2 


C11-1 /iF 




U4- MC145406 




R12-20 kl2 


C12-0.1 /iF 




U5- 4N26 Optocoupler 




R13-92 1/2W 


C13-0.1 /iF 








R14-92 1/2W 
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Figure 4. Telset-Terminal Interface Block Diagram 
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A Digital Voice/Data Telephone Set 



by 

Eric Fiene, Telecom Design Engineering, and 

Glen Zoerner, Telecom Systems Design 



OVERVIEW 

This application note presents the design of a digital voice/ 
data telephone set which provides standard analog telephone 
functions while simultaneously transmitting 9600 baud asyn- 
chronous data. This telephone set is built around Motorola's 
MC1 45422/26 UDLT (universal digital loop transceiver) family 
of voice/data ICs. The UDLTs provide 80 kbps full-duplex 
synchronous communication at distances of up to two kilo- 
meters on a single 26 AWG twisted pair telephone wire. The 
MC14403 codec/filter and MC145428 data set interface (DSI) 
convert voice and data signals respectively into digital formats 
compatible with the UDLTs' transmission scheme. The design 
includes the MC145413, a full-featured pulse/tone dialer, and 
the MC145406, a CMOS RS-232 driver/ receiver for commu- 
nicating with an external terminal or PC. An efficient switching 
power supply utilizing the MC34129 provides isolated power 
for the digital telephone set directly from the 48 V available 
on the transmission twisted pair. 

BACKGROUND 

Data has been transported over telephone lines for years, 
but the techniques for compressing the data into the voice 
bandwidth are getting more elaborate and expensive as data 
rates increase. Digital telephones simplify the task by directly 
sending high-speed digital data over the wires for distances 
of up to 2 km. The data is combined with voice information 
digitized by the codec/filter and signalling. This combined 
signal is transported over existing wiring to a digital linecard 
in a PBX or a voice/data multiplexer. 

Digital PBXs used with analog telephones convert analog 
voice information into digital signals on the linecards for routing 
through the switch matrix, in a system where the analog tele- 
phones are replaced by digital phones, the digitization is still 
performed, but it is done in the phone itself and digital infor- 
mation is transported on the wires. Data from an attached PC 
or terminal can easily be combined with the digital voice and 
be transported to the PBX. At the linecard, the data can either 
be routed through the switch matrix or separated from the 
voice and connected directly to a data-only PBX or computer. 
Signalling between a digital telephone and the PBX is typically 
done by packet messages, with a microprocessor in the tele- 
phone to interpret the messages. This digital telephone uses 
traditional tone signalling on the voice channel. Hookswitch 
status is sent to the PBX on the inbound (to the PBX) link of 
the 8 kbps Signalling Channel One, and ringing information is 



sent to the phone on the outbound (from the PBX) link of 
Signalling Channel One. 

This digital telephone could be used with a spedal digital 
linecard in a PBX or a voice/data multiplexer. To maintain 
generality, this application note will describe a system where 
a multiplexer is used rather than a linecard in a specific PBX 
system. The general principles, however, can be used in a 
linecard design. This telephone design has been used with 
both a digital linecard and a voice/data multiplexer. 

The voice/data multiplexer in Figure 1 is described in detail 
in application note AN949. However, a brief description will 
be made here. From the PBX's point of view, the multiplexer 
appears to be an ordinary telephone. The telephone hook- 
switch is replaced by a relay which is controlled by a signal 
from the digital telephone. The ringing signal from the PBX 
is detected, sampled, and transported to the digital telephone 
where it is amplified and applied to a speaker. Analog voice 
signals are digitized and reconstructed and applied to the wires 
connected to the PBX through the duplexer in the codec/ 
filter. Asynchronous data from the computer or data switch 
is synchronized to the UDLT timing by the DSI and added to 
the digital data stream. The combined signal is transported to 
the digital telephone which separates the signals and attaches 
to the data terminal. DC power is applied to the twisted pair 
wire at the multiplexer and transported over the wires so no 
extra power cords are required for the telephone. 

The following sections describe the details of the digital 
telephone. Figure 2 shows a block diagram of the digital tele- 
phone set. Figures 3 and 4 are complete schematics of the 
telephone circuitry and the power supply respectively. 

UDLT 

The heart of the digital telephone set is the UDLT slave 
(MC145426). This chip is essentially a modem transceiver 
which operates over standard twisted pair telephone wiring. 
A 256 kbps data rate using modified differential phase shift 
keying (MDPSK) in a half-duplex time compression multiplex 
or "ping-pong" scheme provides full-duplex 80 kbps trans- 
mission. Transmission begins with the UDLT master 
(MC145422), which is located at the other end of the twisted 
pair in the voice/data multiplexer, bursting 10 bits of infor- 
mation to the slave. A similar burst is returned from the slave 
to the master a short time after the master's burst has been 
demodulated. This exchange occurs 8000 times per second 
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Figure 1. Voice/Data System 
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Figure 2. Digital Telephone Block Diagram 
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Figure 3. Digital Telephone Schematic 




Figure 4. Switching Power Supply 



PARTS LIST FOR FIGURES 3, 4, AND 5 



Resistors 



R1 


22 kQ 


R2 


3.3 kQ 


R3 


7.5 kQ 


R4 


47 kO 


R5 


22 kQ 


R6 


10 kO 


R7 


620 


R8 


1 kQ 


R9-R10 


10 Q 


R11-R13 


lOkfi 


R14-R15 


100 kfi 


R16 


lOMfi 


R17 


10 kO 


R18 


5kO 


R19-R22 


lion 


R23 


75 kQ 


R24-R25 


100 kQ 


R26 


10 k« 


R27 


3kQ 


R28 


9.1 kQ 


R29 


1.3 kO 


R30 


22kfi 


R31 


2.2 kft 


R32 


220 kQ 


R33 


10 


R34 


100 kO 


R35 


560(2 


R36-R41 


10 kO 


Inductor 





Capacitors 


Diodes 


C1-C3 


0.1 ^F 


D1 1N5819 


C4-C5 


10 /*F 


D2-D11 1N4148 


C6-C7 


20 pF 


BR1 3N248 Bridge Rectifier 


C8-C9 


0.1 /*F 




CIO 


10 /tF 


Integrated Circuits 


C11-C15 


0.1 /*F 




C16 


0.005 fif 


MC14513 Dialer 


C17 


0.1 /tF 


MC14403 Mono-circuit 


C18 


0.005 nf 


MC145428 Data Set Interface 


C19 


100 pF 


MC145426 Slave UDLT 


C20 


0.01 /tF 


MC145406 RS-232 Transceiver 


C21 


330 pF 


MC34119 Speaker Driver 


C22 


100 /tF (50 V) 


MC34129 Power Supply Controller 


C23-C24 


100 /tF (16 V) 




C25 


10/tF(16V) 


Optocoupler 


C26 


0.1 /tF 




C27 


510 pF 


MOC5007 High-speed Optocoupler 


C28 


0.1 /tF 




C29 


10/tF(16V) 


Transistors 


C30 


0.01 /tF 


Q1-Q2 2N3904 


Transformers 


Q3 2N5551 160 V NPN 






Q4 MTP2N20 Power MOSFET 


T1 : Power Transformer 


Q5 2N3904 


Coilcraft G6808-A 




T2: Line Transformer 


Switches 


Coilcraft G6320-D or 




Lepco P-1358-A 


SW1 SPST Hookswitch 






SW2-SW7 DIP Switches 



LI 80 /tH each winding on a common core 



AN968 
4-40 



MOTOROLA COMMUNICATIONS DEVICE DATA 



(every 125 fis), so the transceivers effectively exchange 80 
kbps of full-duplex synchronous data. The data is arranged 
into three channels, a 64 kbps full-duplex voice channel and 
two 8 kbps full-duplex data channels. 

The slave UDLT generates all timing signals used by the 
digital telephone. Timing is synchronized to the received bursts 
from the master UDLT. A 4.096 MHz on-chip crystal oscillator 
is the basis for all clocks. A 128 kHz clock (CLK), which drives 
the mono-circuit's D/A and A/D circuits and synchronizes the 
power supply, is produced. An 8 kHz clock (TE1 and RED is 
also produced. Any timing slip from master to slave UDLTs is 
corrected every 126 /iS, keeping the master and slave devices 
in perfect synchronism. The baud rate generator in the data 
set interface is driven by the 4.096 MHz clock on the slave 
UDLT. 

The burst received from the master's transmission is input 
on the slave's line input (LI) pin. The burst is demodulated, 
separated into the three channels, then output on the digital 
side of the slave every 125 /is. Eight voice bits are output 
serially from the transmit data output (Tx) on the rising edges 
of CLK while TE1 is high. One signalling bit is output on 
signalling output 1 (SOI) on the rising edge of TE1. The out- 
bound signalling channel one provides the ringing signal for 
the speaker amplifier (MC34119). The other signalling bit is 
output on signalling output 2 (S02) to the data set interface 
(MC145428), also on the rising edge of TE1. This channel, 
both inbound and outbound, carries the data between the 
attached terminal and the data switch or computer at the 
voice/data multiplexer or PBX. 

After the slave receives a burst from the master, it transmits 
a 10-bit burst of its own back to the master. The slave outputs 
this burst on its line driver outputs (L01, L02) which are push- 
pull drivers configured as a balanced bridge. These outputs 
directly drive the line transformer through a resistor loading 
and protection network (see Figure 5). The 10 bits of data 
which are transmitted to the master are input every 125 fis. 
Eight bits of voice data are input serially on the receive data 
input (Rx) on the falling edges of CLK while receive data enable 
(RED is high. A signalling bit which carries the digital tele- 
phone's hookswitch status back to the voice/data multiplexer 
is input on signalling input 1 (SID on the rising edge of TE1. 
Data from the attached terminal or PC is input on signalling 
input 2 (SI2), also on the rising edge of TE1. 

Transformer T2 interfaces the twisted pair wire to the 
UDLT's L01, L02, and LI pins. It performs the functions of 
impedance matching, bandwidth limiting, and gain adjustment 



R20 
AA/V--^ TO L01 




T0L02 

Xdio 

^-AAA<— ►TOLI 
R17 

ToV,ef 



Figure 5. Line Interface and Protection 



for the receive signals. At the frequencies of interest (128 kHz 
and 256 kHz), ordinary telephone wire has a characteristic 
impedance of about 110 ohms. The loading resistors R19-R22 
between L01, L02 and the Tx winding of the transformer are 
set to 110 ohms. The series combination of these resistors is 
significantly higher than the 20-ohm output impedance of the 
L01 and L02 drivers causing the resistance presented to the 
transformer to be set primarily by the resistors alone. Clamp 
diodes D6-D9 protect the L01 and L02 outputs from transient 
signals on the twisted pair. Line settling between data bursts 
is improved by selecting a bandwidth of 20 to 512 kHz for the 
transformer interface. The lower corner frequency is set by 
adjusting the inductance of the transformer's Tx winding to 
1.75 mH. The upper corner frequency is determined by the 
design of the transformer winding technique. 

The impedance matching network on the transmit side of 
the transformer attenuates the transmitted signal by 12 dB. 
This loss is recovered in the receive side of the transformer. 
A step-up of 4:1 directly compensates for the 12 dB loss. As 
with the transmit side, a protection network is required. D10 
and D11 clamp the received signal to a safe level but are 
sufficiently isolated by R17 so that they do not load the trans- 
former when they are conducting. At 192 kHz (the spectral 
peak of MDPSK), 26 AWG wire attenuates signals about 17 
dB/km. The receiver in the UDLTs has sufficient input dynamic 
range to operate on loops as long as 2 km. Transformers which 
are designed for the UDLT system may be obtained from: 

Coilcraft, Inc. 
1102 Silver Lake Rd. 
Cary, Illinois 60013 
Part Number: G6320-D 

Leonard Electric Products Company 
85 Industrial Drive 
Brownsville, Texas 78521 
Part Number: P- 1358- A 

The transformer from Coilcraft is similar to the Leonard 
Electric device, except it has a Faraday shield between the Rx 
and Tx windings and the line windings. The shield helps reduce 
the spurious radiation from the digital circuitry onto the twisted 
pair. 

CODEC/FILTER 

The MCI 4403 codec/filter is a PCM codec-filter which per- 
forms D/A, A/D, band-limiting, and reconstruction filtering 
for the voice signals in the digital telephone. Analog voice 
signals in the 300 Hz to 3400 Hz frequency band are sampled 
at an 8 kHz rate. The samples are converted into a pseudo- 
logarithmic code known as PCM and passed to the UDLT for 
transmission to the voice/data multiplexer or PBX. Received 
digital signals are reconstructed at an 8 kHz rate back into 
analog voice signals. 

Three signals are available for use on the analog input am- 
plifier. They are Tx4- (noninverting input), Tx- (inverting 
input), and Txl (filter input). SIdetone (feedback from the 
handset microphone to earpiece) and gain balance are con- 
trolled with external components around the Tx and Rx op- 
erational amplifiers in the codec/filter. Tx + is tied to ground 
and a gain setting resistor is placed between Tx- and Txl. 
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The microphone output from the handset and the DTMF out- 
put from the dialer are both ac coupled to the Tx - input. The 
output of this amplifier is digitized and output to the UDLT on 
TDD on the eight rising edges of TDC when TDE is high. 
Digital data is input from the UDLT on RDD on the first eight 
falling edges of RDC after the rising edge of RCE. This data 
is reconstructed and output on the analog output pin (RxO). 
This signal is summed with TSO from the dialer and Txl and 
applied to the speaker in the handset. 

A decoupling RC filter is used to attenuate any power supply 
noise seen at Vcc and Vss of the codec/filter. This filter 
consists of 10-ohm resistors in series with the power feed to 
Vcc and Vss with 10 /tF capacitors from Vcc and Vss to 
ground. Also, to reduce noise in the ground paths, a star- 
grounding scheme is used where all ground pins of the circuits 
are connected to the power supply's central isolated ground. 

DATA SET INTERFACE 

The MCI 45428 data set interface (DSI) is an interface be- 
tween an asynchronous data terminal and the synchronous 8 
kbps full-duplex data channel of the UDLT. The DSI performs 
basic UART functions of start-bit and stop-bit detection of the 
asynchronous data. It also detects and transports break signals 
over the synchronous link. Start and stop bits are stripped 
from the data which is then loaded into a FIFO. The data is 
then sent to the UDLT for transmission to the far end of the 
digital link. On the receive side, the reverse of these actions 
is performed. Special synchronization characters (transparent 
to the user) are exchanged between DSIs to maintain syn- 
chronization. The DSI has an internal clock generator which 
produces the most commonly used baud rates. The DSI is 
capable of operating at data rates up to 128 kbps, however 
this application uses 9600 baud. 

On the synchronous side of the DSI, data is output to the 
UDLT on the data channel output (DCO) on the falling edge 
of data clock (DC) while the data output enable (DOE) is high. 
Data from the DSI is input and output by the UDLT on SI2 
and S02 respectively. DC is connected to TE1 of the UDLT. 
DIE and DOE are connected to VqD' permanently enabling 
the synchronous inputs and outputs. RESET is connected to 
the hookswitch, clearing the FIFOs and resetting the device 
when the digital telephone is not in use. 

RS-232 DRIVER/RECEIVER 

The RS-232 interface is connected as follows. Asynchronous 
serial data from the attached data terminal (Tx DATA, RS-232 
pin 2) is through a receiver on the MC145406 RS-232 driver/ 
receiver and connected to the transmit data input (TxD) of the 
DSI. Asynchronous serial data from the DSI is output on the 
receive data output (RxD) and fed through a driver on the 
MC145406 to the data terminal (Rx DATA, RS-232 pin 3). 
Another output of the DSI, transmit data status (TxS), Is used 
to generate a clear-to-send signal for local flow control 
(CLEAR-TO-SEND, RS-232 pin 5). TxS goes low when there 
are two words in the DSI's transmit FIFO and must be inverted 
to provide the CTS function. TxS is applied to a receiver of 
the MC145406 for inversion and then fed through a driver to 
convert the signal to RS-232 levels. The MC145406 threshold 
for the RS-232 receivers is 1.8 volt so it may be used as an 
inverter for ordinary digital signals. The receive data status 



(RxS) pin of the DSI may be used as a carrier detector. Since 
it goes high when synchronization with the far-end DSI is 
established, it must also be inverted before conversion to RS- 
232 levels. As with the TxS signal, an RS-232 receiver is used 
an an inverter. The inverted signal is then converted to RS- 
232 levels by a transmitter and applied to RECEIVED LINE 
SIGNAL DETECT, RS-232 pin 8. The baud rate, word length, 
and number of stop bits used on the asynchronous side of the 
DSI are controlled by five pins: BR1-BR3, DL, SB. These 
inputs are controlled by a DIP switch. Table 1 shows the switch 
settings to configure the asynchronous data port. 

DIALER 

The pulse tone repertory dialer (MC145413) converts key- 
board inputs to either pulses or dual tone multiple frequency 
(DTMF) or Touch-Tone outputs for use in telephone dialing. 
This device also provides last number redlal and a nine number 
repertory memory. The digital telephone in this application 
uses a 3 X 4 class A single contact keyboard, although a 4 x 4 
keyboard could have been used for enhanced features. The 
MC145413 operates in pulse mode at either 10 or 20 pulses 
per second, or tone dialing modes. These modes are deter- 
mined by the mode select (MS) pin. 

When the pulse dialing mode is used in this telephone, 
dialing information is output at 20 pulses per second. Note: 
The PBX used with this telephone is capable of accepting 
dialing pulses at this rate. Other applications may require the 
pulses at 10 pulses per second, in which case the wiring of 
the DIP switch would have to be modified appropriately. The 
pulse output OPL, is an N-channel open-drain transistor which 
is wire-ORed with the hookswitch. This point is sampled 8000 
times each second by the UDLT, and the status is passed to 
the loop monitoring circuitry in the voice/data multiplexer on 
signalling channel 1. In the tone dialing mode, dialing infor- 
mation is output as tones corresponding to the row and column 
pressed. This signal is output on the DTMF OUT pin of the 
dialer and is coupled to the analog input of the codec/filter. 
The analog DTMF signal is thus carried to the PBX in digital 
form on the 64 kbps voice channel. 

Table 1. DIP Switch Settings 



Pin 
Name 


Low 


High 


DL 


8 bits 


9 bits 


SB 


One 


Two 


MS 


Tone 


Pulse 



Baud 


BR3 


BR2 


BR1 


9600 





1 


1 


4800 


1 








2400 


1 





1 


1200 


1 


1 





300 


1 


1 


1 



SWITCHING POWER SUPPLY 

Figure 4 shows the schematic of the switching power supply 
for the digital telephone. This power supply has the capability 
of supplying about 900 mW of power at ± 5 V when the length 
of the loop is 2 km. As the loop length is increased, the power 
available at the phone is reduced. To maintain stability of the 
power supply, the maximum power consumed by the phone 
(including the efficiency losses in the power supply) must be 
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less than 90% of the maximum power available (MPA) at the 
maximum loop length. 

MPA = Vsource2/<4.R|oop) 
Example: R|oop for 2 km of 26 AWG wire = 576 fi 

MPA = 482/(4.576J}) = 1 Watt 

The ± 5 V outputs are isolated from the twisted pair so that 
a local ground reference may be established with the terminal 
attached to the RS-232 port. 

The switching power supply operates by repetitively storing 
and releasing energy in a transformer. The energy is stored in 
the primary winding of transformer T1 for part of the switching 
cycle and discharged into the load through the secondary 
during the remaining part of the cycle. The controller for this 
power supply Is the MC34129 high-performance current-mode 
power-supply controller. The MC34129 controls the current 
(energy) in the primary winding by varying the duty cycle of 
the power switch (04). As the duty cycle is changed, more 
or less energy is stored under control of the MC34129 to main- 
tain regulation of the output voltage. The switching frequency 
of the power supply is synchronized to the 128 kHz clock signal 
used by the codec/filter by bringing CLK from the UDLT 
through an opto-isolator (MOC5007) into the sync input (pin 
4) of the MC34129. Synchronization improves the idle-channel 
noise performance of the codec/filter and minimizes the filter 
requirements on the output of the power supply. 

The input voltage for the power supply is taken from the 
48 V available on the twisted pair. A 0.1 /tf capacitor is placed 
between the two line windings of transformer T2. The dc 
voltage across the capacitor is then routed through a balanced 
three-pole elliptical lowpass LC filter (LI and C16-C18) and a 
full-wave rectifier before being applied to the input of the power 
supply. 

The power supply is regulated by two methods. Current in 
the primary winding is sensed as a voltage across resistor R30. 
Also, the +10 V nonisolated output is sensed by being fed 
back to the voltage divider formed by resistors R25 and R26. 
The controller maintains the voltage across R26 at 1.25 V by 
varying the switching duty cycle. This forces the output voltage 
to be 10 V. Regulation of the -1-5 V isolated outputs is main- 
tained by the magnetic coupling from the 10 V winding to the 
-1-5 V windings. Because the primary current is sensed by the 
MC34129, pulse-by-pulse overcurrent limiting is automatically 
achieved. The power supply Is thus fully protected against 
short circuits on the outputs. If an overload occurs, the 
MC34129 will shut the power supply down and attempt to 
restart. When the overload is removed, the power supply will 
again begin normal operation. 

During normal operation, the MC34129 is powered by the 
-I- 10 V output. However, since there is no voltage at this output 
when the circuit is first started-up, provisions must be made 
to power the circuit from another source until the outputs are 
stable. Transistor 03 and the Start/ Run output perform this 
task. During start-up, 03 is biased on and power for the 
MC34129 Is taken from the 48 V on the twisted pair through 
R28. After the power supply has completed the soft-start cycle 
and stabilized, transistor Ci3 is turned off by the Start/ Run pin 



(pin 13) and power is supplied by the + 10 V output. This 
start-up sequence allows the power supply to reliably start in 
the presence of high source resistance seen at the end of a 
long twisted pair wire. Efficiency of this power supply is ap- 
proximately 80%. 

APPENDIX 

On the printed circuit board there are three connections 
available for the hookswitch (SW1). These are -1-5 V, GND, 
and SI1. The following Is a list of several implementations of 
the hookswitch. 



1. 



Mechanical SPST switch (normally open) — In this 
configuration the LED, R32, R31, and 05 are not needed 
unless an LED signal is desired. 



c 



■ H.S. 



- H.S. GND 



2. Mechanical SPOT switch (normal position 
shown) — In addition to the components listed in the 
above implementation, R14 and 02 are not needed. 



H.S. GND 



I o 

I o- 



H.S. 



Q2 COLLECTOR 



Reed relay in handset (magnet in telephone case) — 

The figure below shows how to modify the handset for 
this application. 




4. Hall Effect Device in telephone case (magnet in 
handset) — For this and the previous application, a me- 
chanical SPST switch can be used in parallel for on-hook 
operation. 
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COMMUNICATIONS 
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Telecom Applications Engineer 
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INTRODUCTION 

ISDN has gotten a lot of attention during the course of 
the last year, and rightfully so. It's a revolutionary con- 
cept. The idea of being able to send high-speed data over 
a public network to anywhere in the world is phenome- 
nal. But the hard questions concerning ISDN quickly be- 
come evident when a company contemplates designing a 
real ISDN system with an introduction date in the near 
future. Although the "U" interface being defined by the 
T ID 1.3 committee in North America has a well defined 
function in the ISDN wide area network system, the local 
area network is a different situation. 

ISDN discusses three local area network interfaces: the 



"S", "T", and "R" interface. (The ISDN reference model 
is shown in Figure 1.) The "S" and "T" interfaces have 
an identical specification, but the "R" interface is open, 
in other words — user defined. A key product strategy 
question asks which interface best services a particular 
function of the ISDN local area network. When formulat- 
ing an answer, there are many parameters to consider. 
They all revolve around manufacturing costs vs. provid- 
ing customers with the features they feel they need at the 
time the products are introduced. Some of these cus- 
tomer-driven parameters include price, performance, and 
compatibihty to standards of terminals, peripherals— e.g., 
printers and the wide area network. These kinds of ques- 
tions need to be addressed before a design specification 
can be completed. 
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Question 1: Which terminal standards must be sup- 
ported by an ISDN local area network in the near future? 

Answer: RS-232 is now, and will be for some time to 
come, the most prominent terminal interface specifica- 
tion. So, whatever method is used to transmit data to the 
terminal— "S/T" or another— an RS-232 interface will be 
needed for many terminals for quite awhile. 

Question 2: Is ISDN a mature standard? 

Answer: No, ISDN is not a mature standard. So, any 
product designed today will probably have to be modi- 
fied to fulfill the final ISDN specification. 

Question 3: Will an ISDN terminal using an "S/T" in- 
terface for layer 1 communication and LAP-D for layer 2 
communication be the best voice/data solution available 
for most applications? 

Answer: The "S/T" interface and LAP-D are both spec- 
ifications which try to accommodate many different 
functions. In some cases they may provide more features 
than are needed — for a price that consequently cannot 
be justified. 

Because of these kinds of reasons, Motorola has a two- 
part product strategy. First, Motorola introduced a family 
of cost-effective voice/data integrated circuits which are 
compatible with the evolution of ISDN. The second part 
of the voice/data strategy is to develop an "S/T" trans- 
ceiver, an LAP-D controller, and a "U" transceiver, as 
the specifications become more clearly defined. 

MOTOROLA'S VOICE/DATA I.C. SOLUTIONS 

There are many different ways to design a voice/data 
terminal. The following paragraphs describe three differ- 
ent approaches which vary in complexity/cost, data rate 
throughput, transmission distance, and system flexibility. 



SYSTEM I: BASIC VOICE/DATA TERMINAL— B + D 

A basic terminal, as shown in Figure 2, uses the slave 
UDLT, MC 145426, to communicate the voice and data in- 
formation to a switch. In the switch's line card is a mas- 
ter UDLT, MC 145422. It converts the signals back into 
the original PCM, data, and signalling format. So, the 
PCM code can be transmitted through the switch as if a 
monocircuit (codec/filter) were sitting on the line card, 
and one of the signalling channels can convey the switch- 
hook and ringing information. In this configuration, the 
dialing information is transmitted in the voice path and 
would be handled like a normal analog line card in a dig- 
ital PABX. Because the UDLT interfaces to the switch like 
a monocircuit, the conversion from analog line cards to 
digital line cards is relatively painless. 

The other signalling channel sends data to the line 
card. At the master UDLT, this data can either be put into 
a separate time slot on the line card — allowing the data 
to be switched separately from the voice, or it can be 
stuffed into the least significant bit of the PCM word — 
allowing it to be routed around with the voice informa- 
tion. Routing voice and data through one time slot per 
phone decreases the number of time slots needed for the 
system, and consequently, the switching system's com- 
plexity decreases. 

The Universal Digital Loop Transceiver 

The UDLT is an 80 kilobit per second (kbps) synchron- 
ous transceiver chip set capable of transmitting data up 
to two kilometers on 26 awg twisted pair wire. Between 
the UDLT master— MCI 4 542 2 and the UDLT slave— 
MC 145426, 10 bit data bursts at a 256 kHz rate are sent 
back and forth from the master and the slave. This is 
called a "ping pong" transmission scheme. 
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Figure 3 is a timing diagram showing the relationship 
between the master ane slave bursts, as well as the master 
sync input (MSI). First, a burst is differentially driven 
from the master's LOl and L02 pins to the slave's LI pin, 
referenced to Vj-ef- From this master burst, the slave syn- 
chronizes its clocks to the master's clocks and responds 
with a burst from its LOl and L02 pins to the master's 
LI pin. 

The bursts are coded into a triangular Modified Differ- 
ential Phase Shift Keyed (MDPSK) waveform. The MDPSK 
method was chosen because it minimizes radio fre- 
quency, electromagnetic, and crosstalk interference. Tests 
have shown that this MDPSK ping pong transmission 
technique can achieve better than a 10 - "7 bit error rate 
over two-kilometer distances. 

The 10 bit data burst, from either the slave or the mas- 
ter, is derived from three different inputs of the chip. 
The Rx pin contributes 8 of the 10 bits, and the SIl and 
the SI2 pins each contribute 1 of the 10 bits. Because 
both the master and slave bursts are typically sent at an 
8 kHz rate, the data rates through these pins are 64 kbps, 
8 kbps, and 8 kbps, respectively. The output of the 
64 kbps channel is the Tx pin and the output of the 
8 kbps channels are the SOI and the S02 pins. With the 
same data rate as the CCITT B channel, the 64 kbps 
channel can be used for standard PCM voice or it can be 
used to transmit high speed data. The 8 kbps channels 
are well suited for transmitting signalling — such as 
dialing, switchhook, and ringing information — or data. 
With a little external logic, the two 8 kbps channels can 
be combined into one 16 kbps channel— which is the 
same data rate as the CCITT LAP-D channel. This chip is 
available today in production quantities. 



The Digital Loop Transceivers vs. the UDLT 

The Digital Loop Transceiver (DLT) chip set, 
MC 1454 18/MC 1454 19, is very similar to the UDLT in 
function but is designed for applications requiring shorter 
loop lengths ( < 1 k). There are three main differences be- 
tween the UDLT and the DLT chips. The most important 
difference between the chip sets is that the UDLT auto- 
matically adjusts the threshold on the receive circuitry. 
This allows the UDLT to optimize its reception to a par- 
ticular line's attenuation level. The DLT's threshold is ex- 
ternally set, so typically this receive optimization will not 
be achieved — unless some rather complex circuitry is im- 
plemented. Also, the DLT requires external drivers and 
usually transmits square waves instead of triangular 
waves. In conclusion, the UDLT has more features than 
the DLT, but the DLT's basic approach allows driver and 
threshold design flexibility. The DLT is available today in 
production quantities. 

The Monocircuit Family 

The single chip codec/filter (monocircuit) family con- 
sists of five different devices ranging in size from a 
16 pin package to a 22 pin package. They are the 14400, 
the 14401, the 14402, the 14403, and the 14405. These 
chips perform standard PCM voice digitization and recon- 
struction. They will operate in both the U.S. standard, 
Mu-Law, and in the European standard, A-Law, compand- 
ing formats. The chip includes on-board antialiasing/ 
60 Hz rejection filtering, as well as low pass reconstruc- 
tion smoothing filtering. 

As opposed to just operating with split power supplies 
of ± 5 volts, the chip will operate well using a variety of 
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power supplies, 6 to 13 volt single supplies — or the 
equivalent in a split supply. In addition, by giving the 
Vls P'" the appropriate voltage level, the monocircuits' 
inputs and outputs will interface to other chips with 
either CMOS or TTL signal levels. 

Although the monocircuits are available today in pro- 
duction quantities, an enhanced version of the existing 
monocircuit family is now being introduced. It features a 
typical idle channel noise of 9 dBrnco and a typical 
Power Supply Rejection Ratio (PSRR) of 55 dB over a 
0-50 kHz range. 

The Switching Power Supply Controller 

A major consideration in designing a voice/data PBX is 
power. Providing power to digital phones, which may be 
on a two kilometer loop, is not a trivial task. The typical 
number of phones powered by a PBX alone means that 
the power supply in the PBX is a very significant design 
consideration. Also, because digital telephones require 
more power than analog phones, the maximum power 
available at the end of a two kilometer, 26 awg loop is 
not much more than the power required to operate a 
voice/data digital phone. Therefore, the efficiency of the 
power conversion method in the phone is critical— hence 
the importance of the efficiencies gained by using a 
switching power regulator. 

Motorola's new switching power regulator, the 
MC34129, is especially designed to fulfill a digital tele- 
phone's power regulation requirements, although the reg- 
ulator is popular for non-telecom applications as well. 
One of the most important features of this regulator is 
that it gives the designer the ability to synchronize his 
switching power supply to the sampling rate of the 
codec/filter in the phone. This is important because non- 
synchronized switching noise on the power supply of a 
codec can make meeting codec/filter idle channel noise 
specifications difficult. However, synchronized switching 
noise does not degrade a codec/filter's system 
performance. 

A switching power regulator also offers another impor- 
tant feature for voice/data phones — line isolation. When 
driving the RS-232 input of a terminal with a local 
ground reference, isolation between the terminal's 
ground and the ground of the telephone line is necessary. 
This regulator can operate in an isolated or a non-isolated 
mode. The isolated mode simply requires an auxiliary 
winding on the transformer to supply power and a feed- 
back signal. Otherwise, the chip is applied the same to 
isolated and non-isolated applications. 

The Data Set Interface 

The Data Set Interface (DSI), MCI 45428, is an asyn- 
chronous to synchronous converter. It takes data in a 
start/stop format of various speeds, and puts it into a 
new format. This new format has no stop or start bits 
and can be clocked out of the DSI using the input enable 
and data clocks of a synchronous data transmitter — such 
as the IIDLT. 



The chip has an on-board baud rate generator. By feed- 
ing a 4.096 MHz clock to the DSI, it will generate a l6x 
clock to sample the incoming asynchronous data. The 
data rates that can be programmed are 300, 1200, 2400, 
4800, 9600, 19.2 k, and 38.4 k baud. Other asynchron- 
ous data rates may be fed to the DSI by supplying an 
(async data rate)x 16 clock. 

In order to maintain synchronization when input data 
is unable to fill the output channel, the DSI will supple- 
ment its output channel with flag patterns. On the receiv- 
ing side of the data transmission, another DSI will return 
the data to its original start/stop format. 

The RS-232-C Driver/Receiver 

The MC 145406 has three drivers and three receivers on 
one CMOS integrated circuit. This device meets all of the 
EIA RS-232-C specifications. In general, it replaces the 
1488/1489. The chip consumes less than 15 mW, which 
is critical when designing a line-powered digital tele- 
phone. A slew-rate limiting circuit is integrated into the 
chip, which removes the need for external slew-rate lim- 
iting capacitors. 

SYSTEM II: VOICE/DATA WITH 2B + 2D DATA RATES 

Figure 4 shows a more sophisticated terminal. This ter- 
minal supports full ISDN 2B + D data rates, as well as an 
additional D channel. In this case all of the signalling is 
handled by a microprocessor. One 64 kbps B channel can 
be used to transmit voice, while the other B channel can 
be used for transmitting high speed data. In addition, one 
16 kbps D channel can be used for transmitting signalling 
information, while the other one can be used to transmit 
more specialized functions or additional data. 
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The interface between the data source and the ISDN 
UDLT, MC145421/MC145425, can be one of various 
types of data formatters. It could be a DSI handling up to 
38.4 kbps, using the internal clock or a faster rate with 
an external clock. Data could also enter the ISDN 
UDLT II through an HDLC controller chip, or a clear 
channel configuration could be used. 

This chip will transmit on two wires up to 2 kilome- 
ters, with the addition of a passive filter to compensate 
for the increased attenuation of the higher frequency 
spectrum. 

The ISDN UDLT II— 2B + 2D 

The ISDN UDLT II, MC145421/MC145425, is very simi- 
lar to the UDLT. However, instead of 80 kbps, the ISDN 
UDLT II sends 160 kbps. Also, a 512 kHz burst rate is 
used, instead of a 256 kHz rate. The data is formatted 
into four channels: two 64 kbps and two 16 kbps. Both 
of the 64 kbps channels are clocked out of the Tx pin 
under the direction of the TDC/RDC, TEl, and TE2 pins. 
Both of the 64 kbps channels are clocked into the Rx 
pin, and similarly their input is separately controlled by 
the REl and RE2 pins. The 16 kbps channels are input on 
the Dll and the D2I pins under control of the DCLK, and 
they are output on the DIO and D20 pins. Although the 
ISDN UDLT II does not transmit triangular bursts like the 
UDLT does, it will drive a twisted pair without external 
drivers. It also contains the on-board threshold-adjust cir- 
cuitry. The ISDN UDLT II is being introduced today. 

SYSTEM III: ISDN TERMINAL WITH LAP-D 

The terminal in Figure 5 uses the "S/T" transceiver, 
MC 145474, for data communication. This four wire 
transceiver can transmit 192 kbps up to 1 km on one pair 
of wires, and receives 192 kbps on an additional pair of 
wires. Besides having a four wire interface, the "S/T" 
transceiver's transmission method differs from the 
UDLT's in that alternate mark inversion (AMI) is used in- 
stead of MDPSK. 

Of the 192 kbps, 144 kbps are used for the two B 
channels and one D channel. The additional 48 kbps pro- 
vide framing, DC balance, D channel echoing, activation, 
and two other bits whose function will be defined in fu- 
ture definitions. Through the transceiver, a codec/filter 
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sends digitized voice; signalling information is sent 
through a LAP-D controller, packetized data can also be 
sent through the LAP-D controller, and high speed data 
can be sent through the other 64 kbps B channel. Al- 
though the chip offers point-to-point communication, the 
S/T transceiver is also capable of point-to-multipoint 
operation— if shorter loop lengths (150 m to 500 m) are 
acceptable. 

CONCLUSION 

Motorola's wide variety of integrated circuits offer 
flexibility to the design engineer. If low-cost voice/data 
communication is the top priority, the UDLT/DSI system 
provides a lot of functionality for a minimal cost. If 
higher data rates are needed, the ISDN UDLT is a solution 
to consider. And of course. Motorola plans to introduce 
an S/T transceiver chip and a LAP-D controller chip to 
provide the extensive features ISDN has to offer. 
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A VARIETY OF USES FOR THE 
MC34012 AND MC34017 TONE RINGERS 



Prepared by 
Dennis Morgan 



INTRODUCTION 

The MC34012 and MC34017 electronic tone ringers 
were developed to replace the bulky electromechanical 
bell assembly of a telephone, while providing the same 
basic function. When used in conjunction with a piezo 
ceramic transducer, these circuits will output a warb- 
ling sound in response to the applied ringing voltage. 
With some imagination, however, the circuits can be 
used in a variety of ways, including non-telephone 
applications, — wherever an alerting sound or indica- 
tion is required. Applications include appliance 
buzzers, burglar alarms, safety alerting functions, 
special sound effects, visual ringing indicators, and 
others. The circuits in this application note show how a 
variety of effects can be obtained. 



HOW THE MC34012 WORKS 

A block diagram is shown in Figure 1. An AC 
voltage is applied to the input terminals, and the 
current is rectified by the full wave bridge. The six 



series diodes provide the high impedance required by 
telephone systems at low input voltages, and are 
therefore not significant where the use does not involve 
a telephone. A small portion of the Is current (la) flows 
through Da and Ra setting the inverting input of the 
comparator at 1.5 volts below Rs (pin 6). The majority 
of the input current, however, flows through R3, and 
the waveform across it is filtered by C3 and the internal 
50 k resistor before being applied to the non-inverting 
input of the comparator. When the input voltage is 
increased sufficiently so that the current through R3 
causes the voltage at the non-inverting input to be more 
than 1.5 volts below Rq, the comparator's output 
changes to a low state, allowing the oscillator's signal 
to reach the piezo transducer. Additionally the value of 
la is reduced by 20% in order to provide hysteresis to the 
comparator. 

The 22 volts zener diode provides regulation for the 
internal circuitry, and C4 filters noise and ripple from 
this voltage. The input current must be at least 0.5 mA 
for the regulation and bias circuits to function properly. 
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FIGURE 1 - MC340t2 Block Diagram 
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The oscillator is a relaxation type, with the fre- 
quency determined by the values of R2 and C2. The 
base frequency (f = (0.671/R2C2) + 200 Hz) is divided 
down to produce two output frequencies (f/4 and f/5) 
which are outputted alternately at a warble rate deter- 
mined by the base frequency, and the specific tone 
ringer model used. The MC34012-1 produces a warble 
rate of f/320, the MC34012-2 produces a warble rate of 
f/640, and the MC34012-3 produces a warble rate of 
f/160. The base frequency (f) should be selected to be 
between 1500 Hz and 10 kHz. 

The output buffer is a totem-pole configuration with 
a 25 mA source-sink capability, and is intended to drive 
a piezo ceramic transducer. The output waveform is a 
20 V p-p square wave. 

HOW THE MC34017 WORKS 

A block diagram is shown in Figure 2. The external 
components are labeled the same as in Figure 1. 
Operation is very similar to the MC34012 with the 
following differences: 

a) The output to the piezo transducer is a push-pull 
configuration, rather than single ended, providing 40 
Volts p-p. 

b) The comparator's inputs are referenced to ground 
rather than to the supply voltage. Vj. is 1.2 volts when 
the comparator's output is off (low), and 0.9 volts when 
the output is on. 

c) The configuration consisting of the comparator, R3, 
and C3 sense the incoming current to determine the 
turn-on and turn-off trip points. When the voltage at Kg 
exceeds 1.2 volts, the comparator changes state to turn 
on the output. 

SAMPLE CIRCUITS 

The circuits of Figures 3 & 4 provide ON-DELAY, i.e., 



after applying voltage to the input terminals, sound is 
not produced until a delay period has elapsed. The 
output sound is continuous after that. The delay is 
primarily determined by C3 in the Figures, although 
R3 and Rl also affect the timing. The circuit may be 
controlled by turning on and off the voltage to the input 
terminals, or by leaving the input voltage applied 
continuously, and using a normally closed switch 
across C3 (open switch to start timing). Power con- 
sumption is typically less than 3/4 watt. Applications 
include time out circits for burglar alarms, dark room 
equipment, and others. 

The circuits of Figures 5 and 6 provide OFF-DELAY, 
i.e., sound is produced immediately upon applying an 
input voltage, but then turns itself off after a delay. The 
delay time is determined by Ct. The circuits (as shown) 
have a long reset time (time for Ct to discharge after 
removing the input voltage) and so the user may want 
to consider providing a quick discharge path for Ct 
whenever the input voltage is removed (such as an 
extra set of contacts on the on-off switch). The partic- 
ular application will determine the need for this. Appli- 
cations include warning buzzers in washing machines, 
microwave ovens, alarm clocks, and other appliances. 

The circuits of Figures 7 and 8 cause the sound 
output to be cycled on and off at a rate determined by 
Ct- The duty cycle can be varied by changing R^j. The 
LM393A dual comparator (configured as an oscillator) 
needs only 1 mA of power supply current, and so it is 
powered directly from the tone ringer's Rj pin. Several 
cycle times are listed in the Figures, and can be used to 
indicate different conditions, such as "WARNING" 
(slow cycle), and "EMERGENCY" (fast cycle). Appli- 
cations include appliances, alarm clocks, emergency 
indicators on hot water heaters (overtemperature) and 
furnaces, smoke detectors, and any place where an 
attention getting sound is required. 
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FIGURE 2 - MC34017 Block Diagram 
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FIGURE 3 — On Delay Timer Using MC34012 
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FIGURE 4 — On Delay Timer Using MC34017 
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FIGURE 5 — Off Delay Timer Using MC3401 2 
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FIGURE 6 — Off Delay Timer Using MC34017 
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FIGURE 7 — On/Off Timer Using MC34012 
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FIGURE 8 — On/Off Timer Using MC34017 
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The circuits of Figures 9 and 10 provide a special 
effects sound by varying the frequency of the base 
oscillator. The 2N3904 transistor is slowly turned on 
(as Cg charges up) thus varying the equivalent resis- 
tance at the Re pin. This causes the frequency of the 
base oscillator to vary from low to high over a period of 
several seconds. Cg determines the rate at which the 
audio frequency is swept, and Ct determines how often 
the sweep cycle is repeated. The sound effects produced 
by this circuit are similar to those heard in many video 
games (home and arcade type), and in children's games 
and toys with sound effects. The two sweep circuits are 
different as they produce different effects. The circuit of 
Figure 9 uses feedback (via the 51 k resistor and the two 
portions of Cg) to generate a different linearity sweep 
curve than the simpler circuit of Figure 10. Either 
circuit can be used with the MC34012 or the MC34017 
by making appropriate connections at Rj and Rq. 

The circuits of Figure 11 & 12 are Ring Detector 
Circuits. Designed for use on the telephone line, they 
provide an output voltage level to indicate the presence 



of a ringing signal. (The 1.0 fiF capacitor at terminal 
ACl is necessary to meet FCC impedance require- 
ments.) The output, at Vout> is high (+12 V) as long as 
an AC voltage is present on the Tip and Ring terminals. 
The optocoupler provides isolation from the circuit to 
be controlled, since telephone lines cannot be refer- 
enced to earth ground. The 1.0 k and 100 k resistors, and 
the 0.1 /uF capacitor, filter the square wave output of the 
integrated circuit to provide a steady voltage at Vout- 
The output can be used to turn on a light, activate an 
answering machine, alert a computer that data is to be 
sent to it, and for many other uses. The circuit shown is 
not limited to telephones, however. By changing the 
value of Rl to 15 kohms for 120 VAC, or to 100 ohms for 
24 VAC and deleting the 1.0 /xF capacitor (as in the 
previous examples), the output will indicate the 
presence of an input voltage while providing isolation. 
Isolation can be used to prevent unwanted ground 
loops, or for safety reasons such as to meet UL 
requirements (the 4N25A and 4N35 optocouplers are 
UL listed). 
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FIGURE 9 — Audio Frequency Sweeper Using MC34012 
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FIGURE 10 — Audio Frequency Sweeper Using IVIC34017 
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FIGURE 11 — Ring Detector Circuit Using MC34012 
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FIGURE 12 — Ring Detector Circuit Using MC34017 
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The circuit of Figure 13 will count the number of 
times the ringing voltage is sent to the telephone, and 
will not allow the piezo transducer to sound until a 
certain number of ring cycles (selected by Si) have 
passed. The circuit values are based on a typical ring- 
ing cadence of 2 seconds on, 4 seconds off. The outputs 
of the MC14017 counter (Q1-Q9) become active sequen- 
tially with each cycle of the ringing signal. When the 
selected output becomes active, the MC14013 flip-flop 
changes state, and the piezo transducer sounds. The Q 
output of the MC 14013 can be used to activate other 
circuitry such as an answering machine. After the 



ringing signal stops due to answering the phone, or the 
caller hangs up, the counters and the flip-flop are reset. 
Note the two separate grounds - the telephone line 
must be kept separate from the circuit ground. 

As a final note, many applications will be enhanced 
by the addition of a volume control. Simply connect a 
10 k potentiometer in series with the piezo sound trans- 
ducer. The sound output level will then be controllable 
over a substantial range. Additionally, if the particular 
transducer being used has a high frequency shrill in its 
sound, the series resistance can remove the high 
frequencies, and produce a more pleasant sound. 
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FIGURE 13 — Ring Signal Counter 
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INTRODUCTION 

The MC34012 and MC34017 Tone Ringers are de- 
signed to replace the bulky bell assembly of a tele- 
phone, while providing the same function and perfor- 
mance under a v£iriety of conditions. The operational 
requirements spelled out by the FCC and the EIA, 
simply stated, are that a ringer circuit MUST function 
when a ringing signal is provided, and MUST NOT 
ring when other signals (speech, dialing signals, noise) 
are on the line. This application note discusses how the 
IC's operate, the specific operational requirements to 
be met, and how they are met. Only "on-hook" require- 
ments are discussed since off-hook operation is not 
applicable. 

ON HOOK IMPEDANCE REQUIREMENTS 

The FCC Rules & Regulations, Part 68, define the 
on-hook impedance (while ringing) requirements, as 
well as the ringing voltages and frequencies. EIA 
Standard RS-470 expands upon the requirements to 
include minimum impedance during the non-ringing 
(quiescent) state. The FCC requirements were promul- 
gated so that any newly designed equipment, meant for 
connection to the Tip and Ring lines, be compatible 
with the already existing Bell Telephone network and 
central office equipment. The measured impedance, in 
all cases, is defined as the quotient of the applied rms ac 
voltage divided by the true rms measured current. 

For the quiescent state, EIA Standard RS-470 pro- 
vides the minimum impedance requirements at low 
voltages «10 Vrms) ii^ the 5-3200 Hz range to provide 
for the loading presented by an on-hook extension 
phone's ringer circuit to the dialing and speech signals 
coming from a parallel off-hook phone. Table 1 and 
Figures 1 & 2 indicate the minimum values. The dc 
resistance limits of Table 1 keep the telephone from 
consuming significant power when idle since most 
phones are on-hook the majority of the time. The lower 
frequency range of the ac resistance limits includes all 
of the standard ringing frequencies, and so has a 
higher applied voltage limit than the upper frequency 
range, which covers the speech and DTMF signals. 

In the ringing state, the limitations for ringer 
impedance are based on the REN (Ringer Equivalence 
Number), which is an indication of the power consumed 
by the ringer circuit during ringing. The FCC regula- 
tions state that the total REN for any individual 



telephone line cannot exceed 5.0, where the total REN 
is the sum of the REN of each device connected to the 
line (answering machine, protection devices, as well as 
each telephone). The specific impedance values listed 
in the FCC Regulations (Section 68.312, paragraphs b 
& c, and Table 1) correspond to a REN of 5.0, and are 
therefore the minimum allowable system impedances. 
EIA Standard RS-470 provides the same information 
for the on-hook dc and ac resistance (while ringing), 
except that the listed values differ by a factor of 5 from 
those listed in the FCC Rules. The EIA information is, 
therefore, not a set of limits, but rather a definition of a 
1.0 REN. (Originally the 1.0 REN was defined as the 
load presented by the electromechanical type ringer of 
a standard Bell Telephone Co. 2500 series telephone.) 

TABLE 1 



QUIESCENT STATE LIMITS 

DC RESISTANCE (between Tip and Ring) 

>50 Mohms for - 1 GO VDC 
> 1 50 kohms for 1 00-200 VDC 

AC RESISTANCE (between Tip and Ring) 

For 5 Hz<f<200 Hz, 1-10 Vrms- see Figure 1 
For 200 Hz<f <3200 Hz, 0-3 Vrms- see Figure 2 
At 24 Hz, Z at 2.5 Vrms > 4 x Z at 1 Vrms 



The specifications of Table 2 includes not only the 
ringing impedance guidelines of RS-470, but also the 
voltages and frequencies at which the ringer circuit 
MUST ring. When testing a circuit to the conditions of 
Table 2, the minimum measured impedance within 
each voltage and frequency range is divided into the 
impedance listed for that range. The largest number 
obtained over the full set of ranges for a ringing type is 
the REN for that circuit. In addition to the specifica- 
tions of Table 2, RS-470 and the FCC Rules require that 
the ac ringing impedance of an individual device be 
less than 40 kohms, unless that requirement is already 
provided for by some other parallel device. 

In addition to the above ac specifications, the dc 
requirements impose an upper limit of 0.6 dc mA when 
any of the Table 2 ringing signals are applied. 
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(NOTE: The type A ringers mentioned in Table 2 
refer to the inherently frequency selective electro- 
mechanical type ringers used for decades in the typical 
single-line (non-party line) telephone. Type B ringer 
specifications cover a wider frequency range, and were 
developed with the advent of electronic ringers which 
are generally not frequency selective. Ringer types C 
through Q, listed in the FCC and EIA specifications, 
are selective to specific frequency ranges for the 
purpose of party line applications, and are not dis- 
cussed here.) 

TABLE 2 





=IINGING CHARACTERISTICS 




Ringing Type 
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FIGURE 1 — Quiescent State Minimum Impedance (1-10 V^rng) 
(EIA Standard RS-470) 
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FIGURE 2 — Quiescent State Minimum Impedance (0-3 Vrms) 
(EIA Standard RS-470) 



CIRCUIT DESCRIPTION - MC34012 

A block diagram is shown in Figure 3 (R1-R3, C1-C4, 
and the piezo transducer are external). A ringing signal 
(From Table 2) is applied to the Tip and Ring terminals, 
and the current is rectifed by the full wave bridge. The 
string of six diodes following the bridge provide the 
high impedance required at low voltage (non-ringing) 
levels (see Figures 1 & 2). When the voltage across 
AC1-AC2 exceeds approximately 5.6 volts (8 diode 
drops) current will flow (several microamps), primarily 
through R3 and into the Bias Circuit block (I a is 
relatively small). As the current reaches approximately 
0.5 mA, the internal biasing becomes well established, 
and so further increases in voltage result in little 
increase in current. When the voltage at pin Rj reaches 
22 volts, the zener diode conducts and the current 
increases rapidly with voltage. 

The two inputs of the comparator are referenced to 
pin Rg (the output of the diodes), rather than to ground. 
The inverting input is kept at 1.5 volts below Rs by la, 
Ra, and Da- The voltage at the non-inverting input 
depends on the current through R3. When the voltage 
at this input is more than 1.5 volts below Rg the output 
of the comparator changes state, allowing the oscilla- 
tor's signals to reach the piezo transducer. On-Off 
hysteresis of the comparator is provided for in two 
ways: 1) the comparator's output (when low) reduces 
the value of la, thus reducing the voltage across Da and 
Ra to 1.2 volts; and 2) The load current (II) passes 
through R3, increasing the voltage across it. When the 
current through R3 is reduced sufficiently to turn off 
the comparator, la is returned to the higher value, and 
the flip-flop is reset, turning off the output. 

Capacitor C3 filters the waveform across R3 so that 
the comparator does not turn on & off with every cycle 
of the applied ringing signal. In effect, the comparator 
responds to the AVERAGE voltage across R3. C3 also 
filters out transient voltages and noise to prevent false 
ringing. C3 should be large enough (typically 1.0 jnF) to 
reject dialing transients, as well as to ensure the 
comparator stays on at the lowest ringing voltage and 
frequency listed in Table 2 (40 Vrms, 15.3 Hz). Values 
larger than 3.0 //F will significantly affect the response 
time of the circuit. 

C4 is a filter for the internal 22 volt supply. With a 
5.0 juF capacitor, arippleof about 3 volts p-p( at 15.3 Hz) 
results at theRi pin, which shows up on the output pin. 
With a 2.0 /xF capacitor, the ripple increases to 6 volts 
p-p, with a slight reduction in output sound level of the 
piezo transducer, since the output's average value is 
lowered. Values less than 2.0 jnF are not recommended. 
Neither C3 nor C4 affect the impedance of the overall 
circuit during ringing. 

The values of C3 and R3 determine the turn-on trip 
point of the circuit, while the turn-off trip point is 
determined by R3, C3, and the load (piezo transducer) 
since the load current (II) passes through R3. (The line 
input resistor and capacitor, Rl and Cl, also affect the 
on-off trip points, and will be discussed later). 1800 
ohms is the recommended value for R3. A higher value 
will lower the trip points, but will make the circuit more 
susceptible to noise. Additionally, if R3 is too large, it is 
possible the comparator may turn on the output before 
the internal circuitry is fully biased, resulting in erratic 
operation. R3 must therefore be selected to pass suffi- 
cient current to supply the bigis current, AND some 
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through the 22 volt zener diode, BEFORE the compar- 
ator switches the output on. On the other hand, a lower 
value of R3 will increase the circuit's noise rejection, 
while raising the on-off trip voltages. 



Components R2 and C2 set the base frequency of the 
oscillator, and have no effect on the on-off trip points, 
or circuit impedance. Refer to the data sheet for proper 
component values. 
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FIGURE 3 — MC34012 Block Diagram 



- Numbers in parentheses 
are pin numbers. 



CIRCUIT DESCRIPTION - MC34017 

A block diagram is shown in Figure 4. The external 
components are labeled the same as in Figure 3. The 
following provides a functional comparison of the 
MC34017 with that of the MC34012: 

- The output to the piezo transducer is a push- 
pull configuration, rather than single ended, 
providing 40 volts p-p. 

- The comparator's inputs are referenced to 
ground rather than to the supply voltage. Vj. is 
1.2 volts when the comparator's output is off 
(low), and 0.9 volts when the output is on. 

- The configuration consisting of the compar- 
ator, R3, and C3 sense the incoming current 
(Ig) to determine the turn-on and turn-off trip 
points. Since Ig contains the load current (II), 
the same hysteresis effect that exists in the 
MC34012 is provided for in this circuit. 

- Five diodes are shown in series with the input 
bridge rather than six. The Current Mirror 
block provides an effective sixth diode, provid- 
ing the same high impedance at low voltage as 
provided for by the MC34012. 

- Typical values for R3 and C3 are 15 kohms 
and 2.2 /zF, respectively. 



MC34012/34017 

IMPEDANCE CHARACTERISTICS 

The circuit of Figure 5 was used to determine the dc 
characteristics, and the results are shown in Figure 6. 
The component values (R2, R3, C2-C4) are typical 
recommended values, and the 0.047 /xF capacitor and 
390 ohms resistor simulate a typical piezo transducer. 
The circuit is obviously very non-linear, resembling, in 
effect, a 29 volt zener diode in series with a 450 ohm 
resistor (for Vin > 29 volts). 

QUIESCENT STATE IMPEDANCE 

The very high dc impedance requirements, and the 
fairly high ac impedance requirements (particularly at 
the lowest frequencies) of Table 1, require the use of a 
capacitor in series with the input to the Ic- A series 
resistor is not practical because of the values involved. 
Figure 7 depicts the circuit configuration. The max- 
imum capacitor value (for Cl), which results in the 
circuit exceeding the EIA requirements, was experi- 
mentally determined. Figures 8 & 9 indicate the 
impedance curves of the resulting circuit. Figure 8 
shows the results at 10 Vj-mg only since any lower input 
voltage results in a higher circuit impedance. 

Typically, mylar, polycarbonate, and Teflon capa- 
citors are best suited to meet the dc impedance 
requirements. 
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FIGURE 4 — MC34017 Block Diagram 
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FIGURE 5 — DC Test Circuit 
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RINGING STATE 

Considering (temporarily) the impedance values of 
Table 2 as minimums in order to guarantee a REN of 1.0 
or less, reasoning will indicate that the circuit of Figure 
7 will not provide the necessary impedance since: 1) the 
impedance of the ringer Ic drops off quickly at the 
higher voltages (Figure 6); and 2) the impedance of the 
capacitor (Cl) drops off at the higher frequencies. (The 
capacitor's impedance can be roughly estimated using 
l/27rfC, but this is a VERY rough estimate since the 
current through the capacitor is anything but sinu- 
sodial.) A series resistor (Rl) is therefore added (Figure 
10) to provide the additional impedance. The limits on 
the value of Rl are that it must be low enough to allow 
the circuit to operate (output on) at the lowest voltage 
AND frequency of Table 2, and yet high enough to 
provide sufficient impedance at the highest voltage 
AND frequency. Since an optimum value for Rl is 
difficult to calculate, different values were tested experi- 
mentally with the following results: 



1) 7200 ohms is the maximum value which will 
allow the circuit to turn on at 40 Vrms» 15.3 Hz. 

2) 7800 ohms is the maximum value which will 
allow the circuit to turn on at 40 Vrms* 1'^ Hz. 

3) 2000 ohms is the minimum value which will 
result in a REN of 1.0 for a type A ringer. 

4) 5500 ohms is the minimum value which will 
result in a REN of 1.0 for a type B ringer. 

5) With Rl chosen within the above mentioned 
range of values, the highest measured circuit 
impedance was approximately 23 kohms, well 
below the maximum allowable of 40 kohms. 
Choosing a value of 6200 or 6800 ohms (2 
watts) for Rl will then result in a circuit which 
is functional at all of the voltages and fre- 
quencies listed in Table 2, but also provides a 
REN of less than 1.0 for both type A and B 
ringers. 

The allowable values for Cl are fairly narrow. 
Reducing Cl will increase the circuit impedance and 
lower the REN, but testing indicated that 0.6 /uF is the 
lowest value which will allow the circuit to turn on at 40 
Vrms ^^^d 17 Hz. It was previously determined (see 
Figure 8) that Cl's value could not be much higher than 
1.0 /xF and still meet the quiescent state impedance 
requirements. The voltage rating for Cl must be at 
least 250 volts, and must be non-polarized. 

The load (represented in Figure 10 by the 0.047 juF 
capacitor and the 390 ohm resistor) affects the overall 
circuit impedance when ringing since the load current 
must be supplied on the Tip and Ring lines, and so the 
actual sound transducer must be installed when 
making the impedance measurements of a production 
circuit. 

Variations in performance over temperature (-20° C 
to +60° C) are minor, and generally do not present a 
problem in most applications. Variations inRl, Cl, R3, 
and C3 will affect input impedance, and the on-off trip 
points, if they drift with temperature. 




0.047 390 

II \N\r- 



3 MC34012 8 

7 6 1 5 



C3 
1.0 /xF 



R3 




5.0 mF 



1800 




Note: Cl is Non-polarized 



2.2 mF 



FIGURE? 



AN937 
4-62 



MOTOROLA COMMUNICATIONS DEVICE DATA 



100k 



=1 


= 












z= 


d 










ZZI 




s 






























'^^ 
























S 


'"^ 
























s 


^:n 




T 


1 


01 
















s 


s "^ 


^ 


/ 




/ 


















V 


N 


c^ 


.<^ 






















\ 




s. 


^ 


"- 






















— 


- 












^ 












— 


— 


— 








^ 




— 












— 














s 






















Rs - 47( 
Requi 






> 


^ 




















ements 











































































5.0 10 20 50 100 200 400 
FREQUENCY (Hz) 

FIGURE 8 — AC Impedance at 10 Vrms 



10 M 
5.0 M 



1.0 M 















= 




— 






V 




















s. 




^^n.^4n17 1 1 














^.\ 


t^ 




1 


1 M 














\; 


\, 




1 1 1 1 
















^ 


V 


/ 




















^ 


^^. 














































■v;v 






















^ 






















^ 






















^ 
























s^ 






















V 


V 
















^ 


DTMF 1 
"Range"*! 






















*,- 


















c 




"V^ 
















^ 


5 
























r 












>^ 






. 














^ 






■ Rs - 4 /u minimum 




















1 1 1 



































100 200 



500 1.0 k 2.0 k 

FREQUENCY (Hz) 



FIGURE 9 — AC Impedance at 3.0 Vfms 
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FIGURE 10 — Ringing State Test Circuits 
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SUMMARY 

The MC34012 and MC34017 provide a simple and 
inexpensive means to construct a telephone ringer 
which meets the FCC and EIA impedance and opera- 
tional requirements. The output frequencies to the 
sound transducer are selectable over a 6.5:1 range, and 
three different warble rates are available by appro- 
priate suffix choice (-1, -2, or -3). The circuits are 
designed for use with piezo sound transducers, rather 
than a bulky speaker/ transformer arrangement. Only 
3 resistors and 4 capacitors (all standard values) are 
required to make the circuit operational. 

A REN of 1 .0 is easily obtained for a type B ringer, as 
is a REN of 0.5 for a type A ringer. 
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DEFINITION OF TERMS 

RINGER CIRCUIT - 

The bell, or other alerting device (circuit) in a 
telephone. 

ON-HOOK- 

The circuit condition of a telephone when it is not 
in use (handset is on-hook). 

OFF-HOOK - 

The circuit condition of a telephone when it is in 
use (handset is off-hook). 

DTMF- 

Dual Tone MultiFrequency - The dialing system 
where (somewhat musical) tones are produced by a 
pushbutton telephone. 

REN - 

Ringer Equivalence Number - see text. 

TIP, RING - 

The connection points whereby an individual tele- 
phone is connected to a switching network. Ring is 
traditionally negative with respect to Tip. 

TURN-ON TRIP POINT - 

The voltage (at Tip & Ring) at which the ringer 
circuit switches on. 

TURN-OFF TRIP POINT - 

The voltage (at Tip & Ring) at which the ringer 
circuit switches off. 
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INTRODUCTION 

Telephones and associated ancillary equipment providing 
intelligent features are fast becoming commonplace. Often, 
it is necessary for the microprocessor providing the in- 
telligence to also dial a telephone number. 

The M6805 Family microcomputers (MCU), with their 
proven hardware/software versatility, are ideal candidates 
for such appUcations. Illustrated here are two cost-effective 
methods of telephone dialing. Hardware and software is 
given for both Dual Tone Multi-Frequence (DTMF) and 
rotary-pulse type dialing. 

DEMONSTRATION BOARD DESCRIPTION 

Figure 1 shows the schematic of the demonstration board 
designed around a MC68705P3 single-chip MCU. This board 
is capable of pulse or DTMF dialing. The type of dialing is 
selected by switch SI. A 12-contact keyboard is used for 
input. While this is an extravagant use of I/O, it is acceptable 
for the purposes of a demonstration board. 

Pulse diahng requires a direct connection to the telephone 
line. Interface to the line is made by a 600-ohm, 1:1 line 
transformer and a relay that provides on/off hook capabil- 
ity. An indicator light (LED #1) shows the current hook 
status. 

After a power-on reset, the board is in an on-hook state 
(LED #1 off). The pressing of any key will result in an off- 
hook state without the digit being dialed. Subsequent key 
presses will result in the dialing of the corresponding digit. 
Pressing of the cancel button (S2) returns the board to the 
on-hook state. 

The hardware and software to accomplish either form of 
dialing is readily applicable to any number of the M6805 
Family. 

ROTARY PULSE DIALING 

From both a hardware and software viewpoint, pulse dial- 
ing is by far the simplest form of dialing to implement. 

Pulse dialing requires that the telephone line circuit receive 
a make/break sequence at a 10-pulse-per-second (PPS) rate 
(see Figure 2). The dialing of the digit 3, for example, re- 
quires three make/break sequences. The 10-PPS rate re- 
quires the use of either a transistor or high speed relay for 
line looping. Note that if a low current reed relay is used, 
port B may be capable of driving the relay directly 
(eliminating the 2N3904 driver). 



Subroutine PDIAL provides the proper timing sequences 
for pulse dialing. The routine is called with the digit to be 
dialed resident in the accumulator. Because the timing is not 
particularly critical, interrupts that can be quickly serviced 
are permissible. 

DTMF DIALING 

Dual tone multi-frequency tone dialing is considerably 
more complex in terms of ROM usage and external hard- 
ware. The M6805 MCU is required to generate two 
simultaneous sine waves of different frequencies. Table 1 
shows the key pad digit and the frequencies of the corre- 
sponding tone pairs. Note that the tones fall into two groups: 



Group 



Frequency (Hz) 



Low Tones 
High Tones 



697, 770, 852, 941 
1209, 1336, 1477, 1633 



TABLE 1 — Keypad Digit and Frequencies for Tone Pairs 


Keypad Digit 


DTONE Entry 


Tone Pair (Hz) 





$0 


941 1336 


1 


$1 


697 1209 


2 


$2 


697 1336 


3 


$3 


697 1477 


4 


$4 


770 1209 


5 


$5 


770 1336 


6 


$6 


770 1477 


7 


$7 


852 1209 


8 


$8 


852 1336 


9 


$9 


852 1477 


A 


$A 


697 1633 


B 


$B 


770 1633 


C 


$C 


852 1633 


D 


$D 


941 1633 




$E 


941 1209 


# 


$F 


941 1477 



Also note that if the seldom used keys A, B, C, and D are not 
required, it is not necessary to generate a 1633-Hz tone. 

The method used to generate the tones uses a series of 3-bit 
look-up tables. Consider a sine wave that has been sampled 
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FIGURE 1 — Demonstration Board Schematic 



at a constant interval, starting at the positive peak (see 
Figure 3). Sampling is continued until the next positive peak 
is encountered. There is, of course, some quantization error 
associated with this next found peak. If this group of samples 
were to be continuously cycled, a frequency error would 
result. 



61 ms 39 ms 








Make 
Break 


1^ ^1 


"• " 
















Digit Dialed = 3 




1 Pulse 



FIGURE 2 — Timing for Rotary Pulse Dialing 

To cure this, continue sampling until the next peak is en- 
countered and determine if the resultant frequency error falls 
within acceptable limits. Figure 3 is actually the output of a 
program written in BASIC for the EXORciser. This listing is 
included at the end of this application note. This program is 
used to design the look-up table for incorporation into the 
M6805 program according to the error rates acceptable in the 
end equipment. 

This program prompts the user for the sample interval and 
the frequency of the tone which is to be generated. Sampling 
of the tone is thus automated and after a peak is en- 
countered, the cumulative frequency error is calculated and 
displayed along with the sample count. If the user is satisfied 
with the percentage error, a table of the samples is generated. 
If the error is still unacceptable, the program continues 
sampling until the next peak is encountered. Note that the 
samples have all been "dc shifted". 

This program was used to generate the look-up tables for 
all the tones given in Table 1 with a criteria of 1% maximum 
frequency error. 

The subroutine DTONE actually operates on these tables 
to generate the DTMF tone pairs. The routine is entered with 



the DTMF digit (see Table 1) is resident in the accumulator. 
Note that interrupts cannot be tolerated by this routine. 

The first task of this routine is to convert the digit into the 
table start addresses for the high and low tones. This routine 
requires that the tables be resident in page ROM to allow 
use of indexed addressing with offset. The structure chosen 
for the tables puts the high group tones in the right nibble 
and the low group tones in the left nibble. Because the tables 
are all of different lengths, the table end is marked by an en- 
try of $F. In defiance of Murphy's Law, the DTMF tables fit 
exactly into page ROM. 

Generation of the tones involves cycling around a loop 
which plucks a 3-bit low tone sample and adds it to the 3-bit 
high tone sample. The 4-bit sum is then output to a D/A con- 
verter. If the end of the table marker is encountered for 
either sample, the pointer must be reset to the table start. 
This loop also keeps track of the duration of the tone burst 
by counting loops in TIMEH and TIMEL. 

Notice that every program path through the loop takes a 
constant time (122 microseconds). The actual sequence of 
program development was to first write the loop, determine 
the execution time, and then, with the sample interval de- 
fined, generate the tone tables. 

The 4-bit D/A converter is economically implemented with 
standard 597o resistors (60 kilohms = 30 kilohms + 30 
kilohms). Port B was used because of its slightly superior 
high output voltage drive. It is still necessary to supplement 
the high drive with pull-up resistors. 

One unfortunate by-product of this tone generation tech- 
nique is the production of subharmonics (and, of course, 
harmonics). This necessitates the use of an active bandpass 
filter. This filter consists of separate high pass and low pass 
sections. The filter response is shown in Figure 4. 

The output level to the telephone line is adjusted with a 
470-ohm resistor in series with the line transformer primary. 
This also provides the RX point, where received audio can be 
obtained for duplex communication. 

Using the BASIC software at the end of this application 
note, the generation of custom tone groups is readily ac- 
comphshed. Single tone generation is also possible by using 
the table entry TNOFF at the end of the given DTMF tables. 
This allows the muting of either the high or low 
group tones. 



EXORciser is a registered trademark of Motorola Inc. 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN940 
4-67 



7 :+: 




>^:H•: 


>f:>|.: 




^■. 


G : 




+ 


* 


>t: * 




>¥•. 


5 s ^^^ 






>f: 






^^: 


4 : 




H-: 




>f. 4: 






3 : * 






* 


>f: 




+: 


2 : 


V. 


+: 




H-: 






1 s 


* 




4'. 


* H-: 


>f: 




0. : 


H-:* 




H-:>f: ^^:>^: 










HORIZONTAL = 122. 


000 uSEC 


FREQUENCY 


r= 


B9.7. 000 Hz 






ERROR 




= 


0.S00 


-/. 






NO. SAMPLES = 


35. 000 








NO. CYCLES 


= 


3. 000 








SPlMPLE 


1 = 


= 7 




SAMPLE 2 = 


5 




SftMPLE 


3 = 


= 3 




SAMPLE 4 = 


2 




SftMPLE 


5 = 


= 




SAMPLE G = 







SAMPLE 


7 = 


= 1 




SAMPLE 8 =•• 


2 




SAMPLE 


9 = 


- 4 




SAMPLE 10 


= G 1 


SAMPLE 


11 


= 7 




SAMPLE 12 




7 


SAMPLE 


13 


= G 




SAMPLE 14 


= 


5 


SAMPLE 


15 


= 3 




SAMPLE IG 


= 


1 


SAMPLE 


17 


= 




SAMPLE IS 


= 





SAMPLE 


19 


= 1 




SAMPLE 20 


= 


2 


SAMPLE 


21 


= 4 




SAMPLE 22 


= 


6 


SAMPLE 


23 


= 7 




SAMPLE 24 


= 


7 


SAMPLE 


25 


= G 




SAMPLE 2G 


= 


4 


SAMPLE 


27 


= 3 




SAMPLE 28 


= 


1 


SAMPLE 


29 


= 




SAMPLE 30 


= 





SAMPLE 


31 


= 1 




SAMPLE 32 


= 


3 


SAMPLE 


33 


= 5 




SAMPLE 34 


= 


G 


SAMPLE 


35 


= 7 











FIGURES - Sine Wave Sampling 
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FIGURE 4 — Cumulative High-Pass, Low-Pass, and Line Transformer Response 
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00177ft 


0174 


B7 


46 







STO SCRTCH 




00::.7S 










:+: 


FIX POIM'^ER ft NO SOVE 




001730 


017G 


5C 








iNiCX 




00:'.S0ft 


0177 


BF 


45 







STX TO^El. 




00 IS:'. 










>y- 






00132 










>K 


GET HI TOMS 




00133 










+: 






001840 


0173 


BE 


44 







LDX TONEH 


HI TONE CURRENT POINTER 


00:i.S5H 


017B 


FG 








LOO V X 


GET BYTE 


B01SG 










^^: 


SEE IF TOBLE ENiO 




001S7ft 


017C 


04 


0F 







ftND #$F 




001330 


017E 


01 


0F 







CMP #*F 




00139ft 


0130 


27 


04 


0^ 


L3G 


BEQ GENiHI 




0saiS0fl 


0132 


90 








NOP 




001910 


0133 


90 








NOP 


FILL FOR CONSTONT TIME 


00192ft 


0134 


20 


03 


0j 


LS9 


BRO ODDNU'/; 




00133 










>^: 






00134 










>h: 


HI TOBLE EMO- RESET 


TO STORT 


00195 










+ 






0013Gft 


013G 


BE 


42 




GENiHV ,LDX STORTH 




00197ft 


0133 


FG 








LOO , X 




00193 










+: 


GOT HI ^•iBBLE- FIX X 




00199ft 


0139 


5C 






ODDNUM INCX 




00200ft 


0130 


BF 


44 







STX TQt^EM 




00201 










* 






00202 










:+: 


ODD LO OND HI TOMES 




00203 










>t: 






002040 


01SC 


BB 


46 







ODD SCRTCH 




00205 










H-: 


OUTPUT THIS SOMPLE 





AN940 
4-72 



MOTOROLA COMMUNICATIONS DEVICE DATA 



^RGE 



305 DE^:a 



302(3GA aiSE B7 01 

0G237 

2;ia2l3S 

0020g 

00210ft 0190 3D 

00211;=! 0191 3D 

002i2fi 0132 3D 

002 13ft 0193 20 C0 



. Sfl:l DEr'iO - 1^CSS705P3 SOURCE FOR DIPilER DEi-^IO 
ft STn PORTB 

* KEEP GO::.NiG 



0155 



\0=' 
MO?^ 
NiDP 
BRft 



TOMELP 



FILL FOR 122 uSEC LOOP 



00215 






aii:'2iG 






00217 






002iSft 


7J195 


9C 


0021 3ft 


013G 


£3' 


00220ft 


0197 


SO 


00221ft 


013S 


SO 


00222ft 


0193 


9C 


00223ft 


0i9ft 


30 


0022-^.ft 


0133 


C2 


00225ft 


013C 


30 


0022Gft 


019D 


SO 


00227ft 


013E 


ft4 


00222fi 


019F 


3C 


00229ft 


OlftO 


ft4 


00230ft 


01ftl 


C2 


00231ft 


01ft2 


ft4 


2i0232ft 


01ft3 


30 


00233ft 


01ft4 


C5 


530234ft 


01^5 


3C 


00235ft 


OlftS 


C5 


ti)023bft 


0ifi7 


C2 


20237H 


01ftS 


C5 


0023Sft 


01ft3 


D3 


00233ft 


Olftft 


S0 


00240ft 


OlfiB 


D3 


00241 ft 


OlftC 


ft4 


230242ft 


01 AD 


D3 


00243ft 


OlftE 


C5 


00244ft 


01 ftp 


D9 


00245ft 


01B0 


E3 


0024Gft 


0131 


S0 


a0247ft 


01B2 


tZ.-J 


^024Sft 


0193 


C2 


03243ft 


01B4 


E3 



:+: 

ft 1" 


TONE PftIR 


LOQK-U 


-ftB FOB 


TM1336 


ft 


FOB 


TN341 


ft 


FOB 


TM1203 


ft 


FOB 


Ti\lG37 


ft 


FOB 


TM133G 


ft 


FOB 


T!vG37 


ft 


FOB 


TNI 477 


ft 


FOB 


TtNiG97 


ft 


FOB 


TNI 203 


Pi 


FuB 


T:\i770 


ft 


FCB 


TM 1 33S 


ft 


FOB 


TN'770 


ft 


FCB 


TM1477 


ft 


FCB 


TiM770 


ft 


FCB 


TM209 


ft 


FCB 


T1V352 


ft 


FCB 


TM133G 


ft 


"=^CB 


■'"NS52 


ft 


FCB 


TMi477 


Q\ 


FCB 


T;\S52 


ft 


FCB 


TN1G33 


ft 


FCB 


Tiv697 


P 


FCB 


•^N-1S33 


ft 


FCB 


T;v770 


ft 


FCB 


TNilG33 


ft 


FCB 


TNS52 


ft 


FCB 


TM1G33 


ft 


FCB 


"'"N941 


ft 


FCB 


TM1209 


ft 


'~CB 


TN94i 


ft 


FCB 


TMi477 


ft 


FCB 


TN941 



CO 



(.1 



t:4 



(G) 



(7) 



C9) 



Cft) 



'.C 



(D 



30253 

00254 

00255 

O025S 

00257ft 01B5 ftD 

0025Sft 01B7 25 

00259 



+ KEYIv 

* SCftMS KEYBOfiRD FOR PRESSED KEY. 

H-= \^-^EN ft MEW KEY IS PRESSED7 RETURN; 

+ WITH CftRRY SE^:" ftND KEY VftLUE IM ftCC, 



01 OS KEYIN 3SR CHECK 

OiCE BCS KEY 11 



CHECK FOR INPUT 
ftNY KEY? 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN940 
4-73 



PPlGE 006 D£hO 



DEI^iO 



^1C6S705P3 S3aURCE FOR DIPl-ER DE^'O 



002S0 










>>■: 


NO KEY PRE 


3SED. 


002S1 










•'h: 


IF FIRST T 


ll^'lE. wftr 


002G2 










:+: 






002B3P 


01B3 


BG 


47 


ft 




LDfl 


LSTKEY 


00264n 


01BB 


Ml 


0A 


P. 




CMP 


#*P 


00255'^ 


01 BD 


27 


0D 


0iCC 




BEQ 


KEY22 


002GG 










H-: 


FIRST TI^<E 




002S7P! 


01 BF 


ftG 


■;■ 2 


Pi 




LDft 


#25 


0026Sf^ 


01C1 


CD 


0132 


f} 




JSR 


UftlTt^iS 


002G3fl 


01C4 


ftD 


10 


01DG 




BSR 


CHEC:< 


00270P! 


01CG 


•-.=:; 


0b 


0iCE 




BCS 


KEY 11 


00271 










:•!•: 


STI^L.. NO K 


EY 


00272fi 


01CS 


ftG 


0P. 


PV 




LDft 


#*ft 


0i;D273P 


aicfi 


B7 


47 


ft 




Sift 


LSTKEY 


00274P 


01CC 


SB 






Ki 


%Y22 CuC 




00275R 


01 CD 


SI 








R-^S 




0027G 










:+: 






0S277 










H: 


GOT P: KEY. 




00273 










=^-= 


CHECK "HftT 


XT IS F 


00273 










:+: 






002800 


01CE 


Bl 


47 


ft 


KEY 11 CMP 


^STKEY 


002S1P 


01D0 


27 


FP 


01CC 




BEQ 


KEY22 


002S2ft 


01D2 


B7 


47 


ft 




STft 


LSTKEY 


002S3PI 


01D4 


99 








SEC 




002Q4ft 


01D5 


SI 








RTS 





WftIT OUT DEBQUNCE 



IRS 



002SG 








002S7 








30233 








002S9 








02)290 








00291 








002920 


01D6 


4F 




00293ft 


01D7 


BE 


00 


00294ft 


01DS 


5S 




00295ft 


01Dft 


24 


17 


0029&ft 


01 DC 


4C 




00297ft 


01DD 


ftl 


0S 


S029Sft 


SIDF 


2G 


FS 


00299 








00300ft 


01E1 


0F 


01 


00301ft 


01 £4 


4C 




00332ft 


01E5 


0D 


01 


00303ft 


0iE8 


PIG 


0E 


00304ft 


01 Eft 


0B 


01 


00305ft 


01 ED 


4C 




0030Gft 


01EE 


09 


01 


00307 








EG30S 








00309 








30310ft 


01 Fl 


9S 




00311ft 


01F2 


81 




00312 








00313 








00314 








003 15ft 


01F3 


99 





CHECi-^ 
SCftNS KEYBOftRD ~0R CLOSURE. 
IF KEY CLOSED, RETURNS WITH KEY 
VftLUE IN ftCC fiN:D CftRRY SET. 



PORTft 
GOTKEY 



GET KEYS 



KEY CLOSED? 
MO 



HECK CLRft 
ft ._DX 

KEYl LSLX 
0iF3 BCC 

INCft 

ft CI^P #S 

01 D9 BNE KEYl 

* CHECK BftLftNCE Qi^" KEYS OM PORTB 
0F 01F3 BRCLR 7, PORTB, GOTKEY "S"? 

XNCft 
0B 01r"-3 BRCLR G, PQR""B, GOTKEY "9"? 

ft LDft i^$E 

0G 01F3 BRCLR 5, PORTB, GOTKEY ■'^^="? 

INCft 
02 01F3 BRCL.R 4, PORTB, GOTKEY " + "? 

H-: NO KEY PRESSED. 

:■•.■• 

CLC 

R"^S 
>•• 
4: GOT ft KEY. 

GOTKEY SEC 



AN940 
4-74 



MOTOROLA COMMUNICATIONS DEVICE DATA 



w03iGft 01 Fa 31 



DEMO - ^:CGS705P3 SOUF^CE FOR DIftL£R D£-'0 



2:3313 










.+• 






£:133 1 3 










H: P 


DIOL 




aiS320 










■^■- PUlG 


£ DIO^Ed "rlZ DIG] 


-•• GIVEN IN 


013321 










=+= occ. 


^DllQWED 3Y 200 >1SEC. WO 


00322 










:+: 






O0323P 


0:..-5 


AD 






PD,:.Ri... 


rSTP 


BNE PDIOLl 


32)324n 


0iFB 


2 b 


.02 


01Fh 




BNE PDIOLl 




00325 










■■^■■- cyPi^ 


3£ "0" -:q #$0 




303250 


01F8 


Pb 


0^-^ 


Pi 




LDO t<-^0 




00327h 


0:,.FO 


E7 


4G 





PDXOLl 


STO SCRTCh 


SOVE 


013^23 










y- MOKE 


F^U^SE 




00323H 


01FC 


15 


02 





pd:0:_2 


BCuR 2, PQRTC 


OiV h-iOQK 


(2033120 


(.nFE 


OS 


3D 







LDO mi 




003310 


0230 


CD 


0132 







JSR WOIThS 




(203320 


0203 


14 


02 







BSET 2, PGRTC 


OFF HOOK 


003330 


0205 


OS 


27 







t_DO iv33 




'2)33340 


S237 


CD 


0132 







JSR WOITMS 




003350 


0200 


30 


4S 







DEC SCRTCH 




003360 


02ac 


25 


EE 


0iFC 




BNE PDI0L2 




00337 










:|-- wo IT 


200 hSEC INTER- 


-DIGIT 


!Z033SO 


020E 


06 


C3 







LDO #200 




003390 


0210 


CC 


0132 







JI-.P WOITMS 





MOTOROLA COMMUNICATIONS DEVICE DATA 



AN940 
4-75 



PRGE 

00341 
00342 
00343 



(30S DEMO .Sft:i DEI^O - r'ICGS705P3 SOURCE: FOR DIALER DE^^O 

:+: 

+: TOUCH TOME GENiERPTOR TftBLE 



00345ft 


0030 




0034Sfi 


0030 


77 


120347ft 


0031 


76 


0034Sft 


0032 


53 


i30349ft 


0033 


30 


003500 


00S4 


21 


00351ft 


0035 


03 


Q0352ft 


00SG 


06 


00353fi 


0037 


17 


00354ft 


0033 


25 


2)0355ft 


0039 


42 


0035Gft 


0030 


60 


00357ft 


003B 


71 


0035Sft 


00SC 


74 


(20359ft 


00SD 


G7 


003G0ft 


00SE 


57 


003Glft 


003 F 


34 


30362ft 


0090 


1 i 


003S3fl 


0091 


■00 


003&4ft 


0092 


02 


2}03S5fl 


0093 


15 


003660 


0094 


27 


203G7ft 


0095 


46 


2035Sft 


009G 


64 


S03G9ft 


0097 


71 


00370ft 


0093 


70 


003710 


0099 


62 


00372ft 


0090 


45 


003730 


009B 


3F 


00374ft 


009C 


17 


203 /bfi 


009D 


05 


0037Gft 


009E 


02 


00377ft 


009F 


10 


0037Sft 


0000 


31 


00379ft 


0001 


55 


003S0ft 


0002 


67 


0038 1ft 


0003 


FG 


003S2ft 


0004 


72 


003S3ft 


0005 


60 


00334ft 


0006 


51 


00335ft 


0007 


34 


00336ft 


0003 


17 


S33S7ft 


0009 


06 


0033Sft 


0000 


03 


003S9ft 


00OB 


20 


00330ft 


00OC 


41 


303910 


00OD 


54 


003920 


00OE 


77 


003930 


00OF 


76 


003940 


00B0 


63 


003950 


00B1 


40 


003960 


00B2 


20 







ORG 


*30 





TK=697 


FCB 


$77 







FCB 


*76 







FCB 


$53 







FCB 


S30 







FCB 


$21 







FCB 


S>03 







FCB 


$0G 







FCB 


$17 







FCB 


$25 







FCB 


$42 







FCB 


$60 







FCB 


$71 







^CB 


$74 







FCB 


$67 


ft 




FCB 


$57 







FCB 


$34 







FCB 


$11 







FCB 


$00 







FCB 


$02 


ft 




FCB 


$15 







FCB 


$27 







FCB 


$45 







FCB 


$64 







FCB 


$71 







FCB 


$70 







FCB 


$62 







FCB 


$45 







FCB 


$3F 





TN133G 


FCB 


$17 







FCB 


$05 







FCB 


$02 







FCB 


$10 







FCB 


$31 







FCB 


$55 







FCB 


$67 







FCB 


$FG 





TN770 


FCB 


$72 







FCB 


$60 







FCB 


$51 







FCB 


$34 







FCB 


$17 







FCB 


$06 







FCB 


$03 







FCB 


$20 







FCB 


$41 







FCB 


$54 







FCB 


$7T 







FCB 


$7G 







FCB 


$63 







FCB 


$40 







FCB 


$20 



AN940 
4-76 



MOTOROLA COMMUNICATIONS DEVICE DATA 



PPlGE mS DEf^ 


10 


mzsif^ 


00B3 


13 


2i333SR 


00B4 


0b 


2323990 


00Ei5 


17 


'Z04(2Sfi 


00B6 


24 


2)2)401 Pi 


00B7 


41 


20402 Pi 


00B3 


B0 


i2)2)403Pl 


00B9 


73 


00404 P 


00BO 


76 


004050 


00BB 


57 


0040Bfi 


00BC 


34 


004070 


00BD 


11 


{3040SO 


00BE 


00 


00409PI 


00B'- 


03 


1204100 


00C0 


IG 


004110 


00C1 


3F 


004120 


00C2 


57 


004130 


00C3 


G5 


004140 


00C4 


Fl 


004150 


00C5 


70 


0041 GO 


00CG 


63 


5)04170 


00C7 


46 


0041SO 


00CS 


27 


004190 


00C3 


03 


004200 


00CO 


00 


004210 


00CB 


11 


02)4220 


00CC 


35 


004230 


00CD 


57 


004240 


00CE 


75 


004250 


00CF 


72 


0042SO 


00D0 


60 


004270 


00D1 


42 


0042SO 


00D2 


16 


004290 


00D3 


07 


004300 


00D4 


04 


004310 


^0D5 


20 


004320 


00Db 


41 


004330 


00D7 


64 


004340 


00D3 


7- 


004350 


00D9 


77 


004350 


001)0 


55 


004370 


00DB 


31 


004380 


2)0DC 


11 


004390 


00DD 


05 


004400 


00DE 


17 


004410 


C'D0DF 


25 


004420 


00E0 


51 


004430 


00E1 


61 


004440 


00E2 


F4 


004450 


00E3 


77 


0044SO 


00 E4 


65 


004470 


00E5 


41 


004430 


00EB 


21 


004490 


00E7 


04 


004500 


00E3 


07 


004510 


00E9 


25 


034520 


00EO 


51 


004530 


00 EB 


70 


004540 


00EC 


74 



1477 






. SO:i DEl^iO 






















0: 


























MC5Q705P3 SOURCE FOR DIOLER DEMO 



r!Nii63 









f-i 








p. 





TN94 1 



FCB 


$13 


FCB 


$05 


FCB 


$17 


FCB 


$24 


FCB 


$41 


FCB 


$60 


FCB 


$73 


FCB 


$76 


FCB 


$57 


FCB 


$34 


FCB 


$11 


FCB 


$00 


FCB 


$03 


FCB 


$15 


FCB 


$3F 


FCB 


$57 


FCB 


$65 


FCB 


$Fi 


FCB 


$70 


FCB 


$53 


FCB 


$46 


FCB 


$27 


FCB 


$03 


FCB 


$00 


FCB 


$11 


FCB 


$35 


FCB 


$57 


FCB 


$75 


FCB 


$72 


FCB 


$50 


FCB 


$42 


FCB 


$15 


FCB 


$07 


FCB 


$04 


FCB 


$20 


FCB 


$41 


FCB 


$64 


FCB 


$7F 


FCB 


$77 


FCB 


$55 


FCB 


$31 


FCB 


$11 


FCB 


$05 


FCB 


$17 


FCB 


$25 


FCB 


$51 


FCB 


$61 


FCB 


$F4 


FCB 


$77 


FCB 


$65 


FCB 


$41 


FCB 


$21 


FCB 


$04 


FCB 


$07 


FCB 


$25 


FCB 


$51 


FCB 


$70 


FCB 


$74 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN940 
4-77 



PAGE 010 DEnO .Bft:i DEMO 


- MCi 


ES705P: 


00^^55ft 


00£D 


67 


ft 


FCB 


$67 


B045Gfi 


00EE 


35 


ft 


FCB 


$35 


00457R 


00EF 


11 


ft 


FCB 


$ 1 1 


0045Sfi 


00F0 


00 


ft 


FCB 


$00 


00459PI 


00F1 


14 


ft 


FCB 


$14 


00460ft 


00F2 


37 


ft 


FCB 


$37 


00461 Pi 


00F3 


55 


ft 


FCB 


$55 


00462P 


00F4 


71 


ft 


FCB 


$71 


00463P1 


00F5 


70 


ft 


-CB 


$70 


004640 


00F6 


54 


ft 


FCB 


$54 


004G5ft 


00F7 


37 


ft 


FCB 


$37 


004560 


00F3 


15 


ft 


FCB 


$15 


00467ft 


00F3 


01 


ft 


FCB 


$01 


00463ft 


00Fft 


10 


ft 


FCB 


$10 


00469ft 


00FB 


44 


ft 


FCB 


$44 


00470ft 


00FC 


6F 


ft 


FCB 


$6F 


00471 ft 


00FD 


FF 


ft 


FCB 


$FF 


00472ft 


00-E 


00 


ft TNQFF 


FCB 


$00 


00473ft 


00FF 


FF 


ft 


FCB 


$FF 



MC6S705P3 SOURCE FOR DIftLER DE^iO 



00475 



00S0 



ft TMi209 EQU 



TN(G97 



CSHftRE SSTftRT ftDDRESS) 



AN940 
4-78 



MOTOROLA COMMUNICATIONS DEVICE DATA 



F^PGE 0ii D£^'iO 



. Sft:i DE^'.O 



MCB37ia5F^3 SOURCE FOR DIPlLER DEMO 



0047S 






■^•. 








00479 






4-- 


INTERRUPT VECTORS 




Q04S0 






:+: 








004S1R 07F8 








ORG 


^7FS 




004S2P1 07FS 


0100 


ft 




FDB 


STftRT 


Tli-iER INERRUPT 


00433;^ 07Fft 


0i00 


ft 




FDB 


STftRT 


KfiRDWftRE XMTERRUP 


00434P1 07FC 


01.00 


ft 




FDB 


STftRT 


SWI 


004S5fi 07FE 


0100 


ft 




FDB 


STftRT 


RESET 


0043G 








END 






TOTA^ ERRORS 


00000 — 


■00000 











0139 


ftDDNUr'i 


00192 00199=+: 






01D6 


CHECK 


00257 00269 00292>)-: 




015B 


COKT 


00144*00152 






01 ift 


DIftL 


00066 00075>^: 






0121 


DQDIftL 


00076 00032=+: 






01 3B 


DTCiVE 


00033 001 21 -'h: 






013S 


[3 EM Hi 


00139 00136+ 






0154 


GET*_G 


00144 00156* 






0160 


GETMlO 


00160 00167:+: 






VjI^'3 


GOTKEY 


00295 00300 00302 


00304 


00306 00315* 


01D9 


KEY! 


00294:+:0029S 






SICE 


KEY 11 


00253 00270 002S0* 




01CC 


KEY22 


00265 00274:+:00231 






01B5 


KEY.T.rv 


00065 00257* 






0047 


LSTKEY 


00045*00253 00273 


00230 


00232 


016,1 


NCPiRRY 


00142 00151* 






01F5 


PDiftL 


00091 00323* 






1 .-ft 


^^Dift^l 


00324 00327* 






QIFC 


PDIftL2 


00329*00336 






mm 


PGRTh 


00025*00055 00293 






0004 


PORTftD 


00023* 






0001 


PORTS 


00026*00056 00205 


00300 


00302 00304 00305 


0005 


PORTBD 


00029*00059 






0002 


PORTC 


00027*00057 00063 


00069 


00076 00077 00032 


0006 


PORTCD 


00030:+:00061 






0129 


PU:-GE 


00032 00039* 






0il^E 


SCft.V 


00055*00053 00070 


00073 


00034 00090 00032 


0046 


SC RTCH 


00044*00 1 77 00204 


00327 


00335 


0170 


SH"LO 


00163 00172* 






0100 


STftRT 


00055*00432 00433 


00434 


00435 


0042 


STftRTH 


00040*00125 00195 






0043 


STftRTL. 


00041*00123 00157 






0040 


TifiEH 


00033*00134 00143 






0041 


TZi^EL 


00039*00136 00141 






0009 


■":^RCQN 


00032* 






000S 


T.^RDftT 


00031* 






0KS0 


••>;1209 


00220 00226 00232 


00245 


00475* 


^23C 


TNI 336 


002 IS 00222 0022S 


00234 


00374* 


00C2 


TM1477 


00224 00230 00236 


00243 


00412* 


00D9 


TM1G33 


0023S 00240 00242 


00244 


00435* 



00329 
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PftGE 



012 DE^a 



. Sfls 



D£y\D 



MCbS7(35P3 SOURCE FQR DIfi_ER DE^'iO 



(22)SS 


TN697 


mm 


TN770 


(3(Z)C5 


TI\S52 


00 E3 


TN34i 


0QFE 


TlvOFF 


0044 


TO^iEH 


0045 


"miNiEL 


0155 


'^"ONiEL 


0135 


TTPB 


0:.34 


VifilTl 


0132 


Wfi'Tfi 



00221 00223 00225 00239 00346=^=00475 

00227 00229 00231 00241 00332=+= 

00233 00235 00237 00243 00415=+= 

00219 00245 00247 00249 00445>J= 

00472=+= 

00042*00126 00184 00200 

00043=+=00129 00 156 00 130 

P 001 41 =+=00213 

00124 00127 00213=+= 
0010G=+:00i07 

S 00i05>^=00109 00149 00263 00: 



00334 00339 
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PftGE 


001 TONCftL .Sft:l 


010(2) 


DIM T(:i00:) 


0101 


H=l 


0102 


P=122E-G 


0110 


,C=0 


0120 


W=F^:+:1EG 


0:121 


PRINT "PERIOD = ""U';"uSECS CY/N) ' 


0122 


INPUT fi$ 


0123 


IF fl$="Y" THEN GOTO 130 


0124 


IF ft$<>"i\!" THEN GOTO 121 


0125 


INPUT "PEF^IOD CuSECES)^", P 


0126 


P = P:i:l£-6 


0130 


PRINT "TONE F"REQ="5 


0140 


INPU-!- F 


0150 


X=^2+3. 141 593 =+:F=+=P 


01G0 


FOR N=l TO 100 


0170 


T C N ) = I MT C 3. 5+-C0S C N*X ) +4 ) 


0171 


GOSUB S000 


0190 


TF TCM) <7 THErNJ GOTO 370 



0200 RE^i GOT PI CREST- CftLCULPlTE CdP'iULOTIVE £RRQ^-^{ 

0220 Q~N+P 

3230 E=(C/F-Q)+100/Q 

0240 GOSUB 7000 

02S0 PRINT "ERROR =";£?"%" 

0270 PRINT "SftMPLE r.aUNT="7N 

0275 PRINiT "FREQUENCY ="?F;'«Hz" 

0230 PRINT "CONTINUE CY/N)"" 

0290 INPUT tt$ 

3300 IF n$=-"Y" THEN GOTO 370 

0310 IF R$<>"N" THEN GC3T0 2S0 

0320 REr'i DONE- PRINT SAMPLE LIST 

0330 GOSUB 9000 

3332 GOTO 110 

0372] NEXT N 

33S0 PRINT "SAMPLE COUNT > 100" 

0330 END 

7000 REM PLOT SUBROUTINE 

7001 PRINT CHR*(27)?"ci" 

7002 FOR 1=1 TG 50 
70(213 NEXT I 

7Z05 PRINT 

7006 PRINT " ! " 

7010 FOR I = 1 TQ S 

7020 _=S-I 

7030 PRINT L?" i "' 

7040 REM PRINT "HIS LINE 

7050 FOR J=^l TO N 

7060 IF T(:J)=L then GOTO 7090 

7070 PRINT " "" 

70S0 G0":0 7100 

7090 PRINT ":+="v 

7100 NEXT J 

7110 PRINT 

7120 H€.Y.T I 

7130 '^RINT '• "; 

7140 FOR 1=1 TO 70 

7150 PRINT u... „ 

71G0 NEXT I 

7165 W=P+1EG 
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PRGE 002 TQNCftL .SftH 

HOR'i:ZON'TP_ ==" 7W; "uS£C" 



HE- LOOK FOR « ZERO CROSSING 



7170 


PRl^lT " 


71S0 


PRINT 


7130 


PRINT 


7200 


RETURN 


8000 


R£!-l CREST COUNT ROUTIN; 


S01B 


IF TCN) >3 TH£N GOTO S( 


S020 


H-0 


S030 


RETURN 


3040 


IF H=0 THEN C=C+i 


8050 


H=i 



8060 RETURN 

3000 RE!-' PRINTER QUTPU"" SUBROUTINE 

30:li FOR J=l TO 4 

8012 PRINT #2 

90:;. 3 usrr J 

2020 PRINT #2 

9030 PRINT #27 " :" 

9040 FOR 1=1 TO S 

9050 L=S-I 

9iSb0 PRINT #27L;"s":; 

3070 FOR J=l TO l\i 

9080 XF T(:J)=L THEN GG"0 9110 

9090 PRINT #27 " "7 

9100 GOTO 9120 

91 10 PRINT #27 ">^="; 

9120 NEXT J 

9130 PRINT ??2 

9140 NEXT I 

9150 PRINT #27 " "; 

9160 FOR I-l TO 70 

9170 PRINT #27 ":"; 

9 130 NEXT I 

9190 W=P*1E6 

9191 dig:>:ts= 3 



9132 


PRINT 


#2 






3200 


PRINT 


#2, 


" 




9210 


PRINT 


#2 






9220 


PRINT 


#2 






9230 


PRINT 


#27 


"FREQUENCY 


" V F 7 " 


9240 


PRINT 


#2, 


"ERROR 


" ?£"" 


9250 


PRINT 


#2, 


"NO. SAMPLES - 


"-N 


92G0 


PRINT 


#27 


"NO. CYCLES = 


"5C 



KORIZONTPiL - 



9270 PRINT #2 

9271 DIGITS= 
9280 PRINT #2 

3290 FOR J=l TO N STEP 2 

9300 PRINT #27 "SQi^PLE "?J;" == "P'CJ)" 

9310 B=J+1 

9320 IF B>N THEN GO"^a 3340 

9330 PRINT #27" SAMPLE "5B?" = "^TCB)' 

9340 PRIN-^ #2 

9350 NEXT J 

9360 PRINT #2,CHR3i(12) 

9370 RETURN 
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INTRODUCTION 

Interfacing the MC34018 speakerphone circuit to the 
MC34010 series of telephone circuits is described in this 
application note. The series includes the MC34010, 
MC34011, MC34013, and the newer "A" version of each 
of those. The interface is applicable to existing designs, 
as well as to new designs. 

FUNCTIONAL REQUIREMENTS 

Figure 1 shows the basic MC34010 telephone circuit as 
described in the data sheet. It is a connpletely functional 
telephone meant for use with a handset, and provides 
the additional function of a microprocessor interface for 
the DTMF dialing function. The MC34011 does not have 
the microprocessor interface, but otherwise is identical, 
including the pin numbers. The MC34013 has the same 
speech network, dialer, and line interface circuit as the 
MC3401 0, but does not have the microprocessor interface 
or the tone ringer. Except for a minor difference between 
the speech networks of the "A" version parts and the 
"non-A" parts, the interface to the speakerphone circuit 
is virtually the same for all 6 parts. 

Figure 2 shows the basic MC34018 speakerphone cir- 
cuit as described in the data sheet. It is NOT a complete 
telephone, but provides only the speakerphone functions. 
It requires a speech network, such as the MC34010, to 
transfer the speech signals to/from the Tip & Ring lines, 
and to provide the required supply voltage. The four ex- 
ternal connections — transmit output, receive input, dc 
line input, and chip select — are the points which must 
be interfaced to the speech network. 

In the following text, only the MC34010 interface will 
be described. The interface to the other parts is the same 
except where noted. 

When combining a speech network which operates a 
handset, with a speakerphone circuit, certain changes are 
required in the circuit operation when switching between 
the handset mode and the speakerphone mode, and ad- 
ditionally when the dialing mode is in effect The four 
modes to be considered are: 1) using the handset for 
speech, 2) using the speakerphone for speech, 3) dialing 
in the handset mode, and 4) dialing in the speakerphone 



mode. The requirements are summarized in the following 
table: 











Speaker- 








Handset 


phone 


Mode 


MC34018 


VIr 


Mike 


Mike 


Handset-Speech 


Unpowered 


Low 


Live 


N/A 


Spkrphone Speech 


Powered 


High 


Dead 


Live 


Handset-Dialing 


Unpowered 


Low 


Dead 


N/A 


Spkrphone Dialing 


Powered 


High 


Dead 


Dead 



Since the entire circuit is to be powered by the phone 
line, the speakerphone circuit is powered up only when 
it is to be used since it uses a portion of the loop current, 
(a significant portion on long loops). The MC34010, how- 
ever, must be powered all the time since it is the interface 
to the phone line. The VIr voltage mentioned in the table 
is the voltage across the resistor at the LR pin of the 
MC34010, which sets the dc characteristics of the circuit. 
By Increasing that resistor, the dc supply voltage (and the 
voltage at Tip & Ring) will be increased in the speaker- 
phone modes, where additional power is required. 

The handset mike is to be functional only in the hand- 
set-speech mode. If it were functional in the speaker- 
phone-speech mode, system oscillations and/or addi- 
tional echoes could occur. Disabling the microphone is 
accomplished by activating the MM (Mike Mute) pin on 
the MC34010. On the MC34010A, activating the MM pin 
results in disabling the transmit amplifier, so in that case, 
a transistor Is added to the microphone circuit as the 
means to disable it. In both dialing modes, muting is au- 
tomatic whenever the dialer is activated, so the DTMF 
tones are not distorted by sounds entering the 
microphone. 

The speakerphone mike is listed as N/A in the handset 
modes since the MC34018 circuit is unpowered, effec- 
tively disabling the mike. In the speakerphone dialing 
mode it must be non-functional for the same reason as 
mentioned above. That is accomplished by the fact that 
the MC34010 (and MC34010A) transmit amplifier is inop- 
erative when its DTMF dialer is activated. 
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C2 _L /iP INTERFACE 

— MC34010(A) ONLY 



Figure 1. Basic MC34010 Type Telephone 
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Figure 2. MC34018 Speakerphone Circuit 



CIRCUIT DESCRIPTION 

SWITCHING ARRANGEMENT 

Figure 3 indicates the switching arrangement for going 
off-hook in either the handset mode or speakerphone 
mode, and for switching between them. 81 (a two pole 
switch) is the normal hook switch activated by lifting the 
handset. 82 (a two pole switch) is a manually operated 
switch which activates the speakerphone. 

Whenever the handset is off-hook, and 82 is in the off 
position, power from Tip & Ring is applied to the 
MC34010 through the diode bridge and 81 A. 81B's po- 
sition is of no consequence in this mode. Should 82 be 
switched on while the handset is off-hook, power is then 
applied to the speakerphone IC through 82B. However, 



since 81 B is open, the MC34018's C8 pin (Chip Select) is 
taken high through R33, disabling the IC. 

Anytime the handset is on-hook, and 82 is on (both 
poles closed), power is applied to both the MC34010 and 
the MC34018. Since SIB is closed, CS is taken low, en- 
abling the speakerphone circuit. Anytime the handset is 
taken off-hook the circuit will revert back to the handset 
mode. 

The 1.0 Henry inductor isolates the speech signals at 
Tip & Ring from the V+ pin of the MC34018, preventing 
an oscillatory loop from forming. The diode bridge, B2, 
is added for the tone ringer circuit of the MC34010(A), or 
MC34011(A), to keep the switches 81 and 82 from re- 
quiring 3 poles each. 




Note: 

51 = Hookswitch 

(Shown On-Hook) 

52 = Speakerphone On/Off 

Switch 



^ 



- TO RECEIVE CIRCUIT 



IT 



V 



MC34010,A 

SERIES 

SPEECH NETWORK 



IF 





r 


SIB 




r 


CS 


J 


1^ 




<R33 
^47k 




r^ 




MC34018 
SPEAKERPHONE 


1HRY ^ 

7V^ 


^NlOOO^F 




V + 
V- 
1 


f 






J 



Figure 3. Handset/Speakerphone Power Switching 
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TlPO 




VIr SHIFT 

Since a speakerphone requires more power than a 
handset, it is necessary, particularly on long loops, to 
increase the Tip-Ring voltage. Since on long loops the 
Tip & Ring lines act more like a current source than a 
voltage source, increasing the voltage does not signifi- 
cantly decrease the available loop current. In order to shift 
the dc voltage, the additional components shown in Fig- 
ure 4 are used. The voltage at the output of the diode 
bridge (B1) is equal to the voltage across the LR resistor, 
plus an internal level shift of approximately 3 volts be- 
tween V+ and LR. 

In the handset mode, the transistor T2 is on, and the 
equivalent LR resistance is approximately 80 ohms. The 
majority of the loop current (all except about 1 mA) flows 
through the LR resistor. In the speakerphone mode, the 
transistor is off, and the dc voltage is determined by the 
390 ohm resistor, the internal 3 volt level shift, the resis- 
tance of the 1 Henry inductor, the 7 volt zener diode, the 
current draw of the two ICs, and the loop current. Figure 
5 indicates the Tip-Ring voltage versus loop current for 
the two modes (the inductor resistance is 38 ohms). 

To facilitate the design of the base drive to T2, diode 
D1 is added to the collector of T1, providing approxi- 
mately 1.8 volts at that point. At the cathode of D1, the 
voltage is still regulated at 1.1 volts. 



MC34010,A 

SERIES 

SPEECH NETWORK 




TO RECEIVE CIRCUIT 

/ 



Figure 4. DC Level Shift 
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Figure 5. Tip-Ring Voltage versus Loop Current 
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MICROPHONE CONTROLS 

To mute the handset microphone when the speaker- 
phone speech mode is in effect, the circuit of Figure 6 is 
used for the l\/IC34010 (l\/IC34011, l\/iC34013), and the cir- 
cuit of Figure 7 is used for the IVIC34010A (MC34011A, 
IVIC34013A). 



In Figure 6, when the handset mode is in effect, SIB 
takes the iVIM pin low, enabling the handset microphone 
by turning on the MIC pin (to ground). When the speaker- 
phone mode is in effect, MM is taken high through R32, 
disabling the handset microphone (MIC pin is open). 



TIPO 



RINGO 




P? 



^T^C 



ON Q^ OFF TOOTHER Dl "NIL 

^ CIRCUITRY < » 1^ <rl 

PER FIGURE 1 



Note: 

51 = Hookswitch 

(Shown On-Hook) 

52 = Speakerphone 

On/Off Switch 



MC34010 
SPEECH NETWORK 




►TO RECEIVE CIRCUIT 

-f 



Figure 6. Microphone Muting — MC34010 Series 
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In Figure 1, in the handset mode, SI B is open, T3 is on, 
and the nnicrophone bias current flows through the MIC 
pin. In the speakerphone mode, SI B is closed, turning off 
T3, disabling the microphone. T3 Is required for disabling 
the microphone with the "A" series speech networks 
since the transmit amplifier is disabled when the MM pin 
is taken high. 

In both the "non-A" and the "A" version circuits, the 
handset microphones are muted during dialing due to 
the fact that the MIC pin Is opened by the dialer circuit. 

SPEECH SIGNALS 

Referring to the complete schematics (Figures 8, 9, 10, 



and 11) the receive signals coming In on Tip & Ring are 
sent to the handset receiver (at RXO) and to the speaker- 
phone circuit's "receive input" path by the MC34010's 
hybrid function. It Is not necessary to mute the handset 
receiver during speakerphone operation. 

The transmit signals from the handset microphone are 
put onto the Tip & Ring lines through the MC34010's hy- 
brid function, with a gain determined by resistors 
R27-R30. In the speakerphone mode, the transmit output 
signals (at TXO of the MC34018) are attenuated by R35 
before being applied to the MC34010's transmit amplifier. 
The level of the speakerphone transmit signals at Tip & 
Ring can be adjusted by varying R35. 




TO RECEIVE CIRCUIT 



Note: 

51 = Hookswitch 

(Shown On-Hook) 

52 = Speakerphone 

On/Off Switch 



Figure 7. Microphone Muting — MC34010A Series 
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R35 



MC34010/11 and MC34018 
COMPONENT VALUES 



R1 - 
R2 - 
R3 - 
R4 - 
R5 - 
R6 - 
R7 - 
R8 - 
R9 - 
RIO- 
R11 - 
R12- 
R13- 
R14- 
R15- 
R16- 
R17- 
R18- 
R19- 
R20- 
R21 - 
R22- 
R23- 
R24- 
R25- 
R26- 
R27- 
R28- 
R29- 
R30- 
R31 - 
R32- 
R33- 
R34- 
R35- 



30 k 
91 k 
3.3 k 
1 M 
4.7 k 
1 M 
100 k 
4.7 k 
4.3 k 
200 k 
•24 k 
■20 k 
•18 k 
•2k 
■1.8 k 
■200 k 
■1 k 
•100 
•390 
•200 k 
•56 k 
■150 k 
■56 k 
■1.5 k 
• 1.5 k 
•6.8 k 
■270 
■200 k 
•4.7 k 
•4.7 k 
-1.5 k 
-51 k 
-47 k 
-36 
-33 k 



CI - 
C2 - 
C3 - 
C4 - 
C5 - 
C6 - 
C7 - 
C8 - 
C9 - 
C10- 
C11- 
C12- 
C13- 
C14- 
C15- 
C16- 
C17- 
C18- 
C19- 
C20- 
C21- 
C22- 
C23- 
C24- 
C25- 
C26- 
C27- 
C28- 
C29- 
C30- 
C31- 
C32- 
C33- 
C34- 
C35- 
C36- 



■0.1 

- 0.068 

- 2.2 /iF 

■ 2.2 /xF 
-0.1 
-47/LtF 

- 4.7 fiF 

■ 0.068 
-47/iF 
-1/.F 
-0.05 
-47/LiF 
-47/xF 

• 4.7 ulP 

■ 4.7 fiF 
■0.05 
■0.01 
■0.05 
■0.1 

•1000/iF 
•I^F 

■ 4.7 /xF 

■ 620 pF 
■0.01 

■ 0.01 AiF 
2.2 fiF 

■0.1 

■0.05 

•0.05 

■ 1 /LtF, NP 
•0.1 

•0.1 

• 100 pF 

• 100 pF 
•1 fxF 
•0.1 



LI — 1 Hry, < 100 n 

Z1 — 18 V 
Z2 — 4.7 V 
Z3 — 30 V 
Z4 — 7V 
D1,D2 — 1N4001 

T1— 2N4126 
T2 — 2N2222A 



B1- 
B2- 



■1N4004's 
■1N4004's 



51 — DPDT (Hookswitch) 

52 — DPST (Speakerphone switch) 

Handset R'cvr — 300 ft 
Handset Mike — Electret 
Spkr'phone Speaker — 25 ft, 0.3 W 
Spkr'phone Mike — Electret 



Figure 8. Handset/Handsfree System Using the IVIC34010/11 and IV1C34018 
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MC34010A/11A and MC34018 
COMPONENT VALUES 



R1 —30 k 
R2 — 91 k 
R3 —3.3 k 
R4 — 1 M 
R5 — 4.7 k 
R6 — 1 M 
R7 —100 k 
R8 —4.7 k 
R9 —4.3 k 
RIO — 200 k 
R11 —24 k 
R12 — 20 k 
R1.3— 18 k 
R14 — 2k 
R15— 1.8 k 
R16 — 200 k 
R17 — 3 k 
R18— 100 
R19 — 390 
R20 — 200 k 
R21 — 56 k 
R22 — 150 k 
R23 — 56 k 
R24— 1.5 k 
R25— 1.5 k 
R26 — 6.8 k 
R27 — 270 
R28 — 200 k 
R29 — 4.7 k 
R30 — 4.7 k 
R31 — 1 k 
R33 — 47 k 
R34 — 36 
R35 — 33 k 
R36 — 3 k 



CI —0.1 
C2 —0.068 
C3 —2.2fiF 
C4 —2.2fiF 
C5 —0.1 
C6 — 47/xF 
C7 — 4.7/iF 
C8 —0.068 
C9 —47ixF 
CIO— 1 fiF 
C1 1—0.05 
C12 — 47aiF 
C13 — 47;xF 
CI 4 — 4.7 /iF 
CI 5 — 4.7 /iF 
CI 6 — 0.05 
C17 — 0.01 
CI 8 — 0.05 
C19 — 0.1 
C20— 1000/xF 
C21 — 1 fiF 
C22 — 4.7 fiF 
C23 — 620 pF 
C24 — 0.1 
C25 — 2.2 fiF 
C26 — 0.01 
C27 — 0.1 
C28 — 0.05 
C29 — 0.05 
C30 — 1 fiF. NP 
C31 — 0.1 
C32 — 0.1 
C33— lOOpF 
C34— lOOpF 
C35 — 1 imF 
C36 — 0.1 



LI — 1 Hry, < 100 n 

Z1 — 18 V 
Z2 — 4.7 V 
Z3 — 30 V 
Z4 — 7V 

D1, D2— 1N4001 

T1— 2N4126 

T2, T3 — 2N2222A 

B1 — 1N4004's 
B2 — 1N4004's 

51 — DPDT (Hookswitch) 

52 — DPST (Speakerphone switch) 

Handset R'cvr — 300 a 
Handset Mike — Electret 
Spkr'phone Speaker — 25 CI, 0.3 W 
Spkr'phone Mike — Electret 



Figure 9. Handset/Handsfree System Using the !VIC34010A/11A and i\/IC34018 
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C13 



4^018 C5 

— He- 



m 



^ CI 

He 



' -^vwH(-| XDI 

MCO 
R3 C2 

leiLi 



[— vw-|l 



I 1 — WV i- 

C4 

— i — W\^ — i— 



RLO 
CP2 

SKG 

C9 
-)\- SKO 



1VULUIVIC 
R12 CONTROL 



R35 
-vw- 




MC34013 and MC34018 
COMPONENT VALUES 



R1 —30 k 
R2 — 91 k 
R3 —3.3 k 
R4 — 1 M 
R5 —4.7 k 
R6 — 1 M 
R7 —100 k 
R8 —4.7 k 
R9 — 4.3 k 
RIO — 200 k 
R11 — 24 k 
R12 — 20 k 
R13— 18k 
R14 — 2 k 
R17 — 1 k 
R18— 100 
R19 — 390 
R20 — 56 k 
R21 — 200 k 
R22 — 150 k 
R23 — 56 k 
R24— 1.5 k 
R25— 1.5 k 
R27 — 270 
R28 — 200 k 
R29 — 4.7 k 
R30 — 4.7 k 
R31 — 1.5 k 
R32 — 51 k 
R33 — 47 k 
R34 — 36 
R35 — 33 k 



CI —0.1 
C2 —0.068 
C3 — 2.2mF 
C4 —2.2ti¥ 
C5 —0.1 
C6 — 47yxF 
C7 — 4.7/xF 
C8 —0.068 
C9 — 47/iF 
CIO — 1 /iP 
C11 —0.05 
C12 — 47/iF 
C13 — 47/LtF 
C14 — 4.7/iF 
C15 — 4.7/iiF 
CI 6 — 0.05 
C17 — 0.01 
C18 — 0.05 
C19 — 0.1 
C20— lOOO/iF 
C24 — 0.1 
C25 — 2.2 fi? 
C26 — 0.01 
C27 — 0.1 
C28 — 0.05 
C29 — 0.05 
C31 —0.1 
C32 — 0.1 
C33— lOOpF 
C34— lOOpF 
C35 — 1 /iF 
C36 — 0.1 



LI — 1 Hry, < 100 ft 



Z1 - 
Z4- 



■18V 
•7V 



D1, D2— 1N4001 



T1 - 
T2- 



■2N4126 
■ 2N2222A 



B2— 1N4004's 



S1- 
S2- 



• DPDT (Hookswitch) 

• DPST (Speakerphone switch) 



Handset R'cvr — 300 ft 
Handset Mike — Electret 
Spkr'phone Speaker— 25 ft, 0.3 W 
Spkr'phone Mike — Electret 



Figure 10. Handset/Handsfree System Using the IVIC34013 and I\/1C34018 
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MC34013A and MC34018 
COMPONENT VALUES 



Rl —30 k 
R2 — 91 k 
R3 —3.3 k 
R4 — 1 M 
R5 — 4.7 k 
R6 — 1 M 
R7 —100 k 
R8 — 4.7 k 
R9 —4.3 k 
RIO — 200 k 
R11— 24 k 
R12 — 20 k 
R13— 18k 
R14 — 2k 
R17 — 3 k 
RIB— 100 
R19 — 390 
R20 — 56 k 
R21 — 200 k 
R22— 150 k 
R23 — 56 k 
R24— 1.5 k 
R25— 1.5 k 
R27 — 270 
R28 — 200 k 
R29 — 4.7 k 
R30 — 4.7 k 
R31 — 1 k 
R33 — 4.7 k 
R34 — 36 
R35 — 33 k 
R36 — 3 k 



CI —0.1 
C2 —0.068 
C3 — 2.2/xF 
C4 — 2.2/LiF 
C5 —0.1 
C6 — 47/iF 
C7 — 4.7/nF 
C8 —0.068 
C9 — 47/iF 
CIO — 1 /iF 
C1 1—0.05 
C12 — 47/iF 
C13 — 47/iF 
C14 — 4.7/LiF 
CI 5 — 4.7 /xF 
C16 — 0.05 
C17 — 0.01 
C18 — 0.05 
C19 — 0.1 
C20 — 1000/xF 
C24 — 0.1 
C25 — 2.2 fxF 
C26 — 0.01 
C27 — 0.1 
C28 — 0.05 
C29 — 0.05 
C31 —0.1 
C32 — 0.1 
C33— lOOpF 
C34— lOOpF 
C35 — 1 iiF 
C36 — 0.1 



LI — 1 Hry, < 100 n 



Z1 - 
Z4- 



18V 
7V 



D1, D2 — 1N4001 

T1 — 2N4126 

T2, T3 — 2N2222A 

B2 — 1 N4004's 

51 — DPDT (Hookswitch) 

52 — DPST (Speakerphone switch) 

Handset R'cvr — 300 il 
Handset Mike — Electret 
Spkr'phone Speaker — 25 ft, 0.3 W 
Spkr'phone Mike — Electret 



Figure 11. Handset/Handsfree System Using the MC34013A and IVIC34018 
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CONCLUSION REFERENCES 

Interfacing the MC34018 speakerphone circuit to the IVIC34010 Data Sheet, Dec. 1983, IVIotorola, Inc. 

MC34010 series of speech networks has been shown to MC34010A Data Sheet, May, 1985, Motorola, Inc. 

be simple and straightforward. The interface requires the MC34013 Data Sheet, Nov. 1983, Motorola, Inc. 

addition of 2 diodes, 5 resistors, either 1 or 2 transistors MC34013A Data Sheet, Feb. 1985, Motorola, Inc. 

(depending on the speech network), and one diode bridge MC3401 8 Data Sheet, Apr. 1 985, Motorola, Inc. 
for the tone ringer circuit in the MC34010(A) and the 
MC34011(A). Any existing MC34010 type circuit can be 
easily modified to accept the speakerphone circuit. 
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Transmit Gain Adjustments 

For The MC34014 Speech Networic 

By 

Scott Bader and Dennis Morgan 

Bipolar Analog IC Division 

INTRODUCTION 

The MC34014 telephone speech network provides for 
direct connection to an electret microphone and to Tip 
and Ring. In between, the circuit provides gain, drive ca- 
pability, and determination of the ac impedance for com- 
patability with the telephone lines. Since different micro- 
phones have different sensitivity levels, different gain 
levels are required from the microphone to the Tip and 
Ring lines. This application note will discuss how to 
change the gain level to suit a particular microphone 
while not affecting the other circuit parameters. 

CrRCUIT DESCRIPTION 

Refer to Figure 1. The microphone is assumed to be an 
electret type, characterized by a high dynamic imped- 
ance. It is therefore considered to be an ac current source 
rather than a voltage source. If the microphone used has 
a dynamic impedance which is not high (compared to 
Rs), then the microphone must be modeled as a current 
source paralleled by its dynamic impedance. That imped- 
ance value must then be considered to be in parallel with 
Hq in the following equations. The Tx amplifier has a fixed 
gain of -20, and the EQ amplifier gain varies from 0.25 
to 0.75, depending on the loop current. Z[_ is the line 
impedance. The transmit gain is defined as V+/Imjc and 
is equal to: 



where Ajx = gain of the transmit amplifier (20 VA/) 
Aeq = gain of the equalization amp. (0.25 to 
0.75 VA/) 
RA = Rs/ZIO kft (10 kft = input impedance 
of Tx amp.) 



The ac impedance of the circuit is defined as: 

R9 (1 + Rs/Ra) 
(Atx) (Aeq) 



Zac = 



V + 
'mic 



Re X Zl X Atx 



(1 + R6/Ra)R9 + (Atx) (Aeq) (Zl) 



The receive gain (see data sheet for the equivalent cir- 
cuit) is defined as: 

G_^ ^ R4 ■ (XC//R2) (Aeq) (Atxq) (AsTA) x R4 
Rl ((XC//R2) + R3) (1 + R6/Ra)xR2 

As can be seen from the above equations, changing Re 
while maintaining the Bq/Ra ratio constant will result in 
a transmit gain change (proportional to Re) but will not 
affect the other parameters. For example, increasing Rg 
and Re by a factor of 3 will increase the transmit gain by 
«10 dB. 

Using the above procedure to increase the transmit 
gain results in increasing Rs, which supplies the bias cur- 
rent to the microphone. If the higher value of Rs results 
in insufficient bias voltage at the microphone, then the 
alternate biasing scheme of Figure 2 should be used. 




^48V 



MICROPHONE 



Figure 1. MC34014 Transmit Section 



50AtF 




0.05 
-|( 6tXI MC34014 



MICROPHONE 



OMIC 



Figure 2. Alternate Biasing Scheme for 
Higher Voltage Microphones 
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TEST RESULTS 

Tests were conducted with a Primo EM-95A micro- 
phone, having a sensitivity of -53 dB ±3 dB (0 dB = 1 
V/ftbar), and a Hosiden KUC2123 microphone which has 
a sensitivity of -60 dB ±3 dB. The test circuit is shown 
in Figure 3. The tests consisted of applying a constant 
sound level to the microphones, and measuring the out- 
put at VcO/ while simulating line lengths of 0-21 Kfeet. 
The outputs of the two circuits were nearly identical at 
all line lengths. 



CONCLUSION 

Although the designs of the various parameters (trans- 
mit gain, receive gain, ac impedance, etc.) of the MC34014 
speech network are not mutually exclusive due to the 
commonality of various components, It is possible to ad- 
just the transmit gain independently to suit a particular 
microphone. 

For further information on the MC34014 speech net- 
work, refer to the data sheet. 



( DIALER 
( INTERFACE 



Vco (t) 




LOOP 
CURRENT 



For Primo EM-95A microphone Rs = 500 H, Re = 10 k 
For Hosiden KUC2123 microphone Rs = 1.5 k. Re = 30 k 



Figure 3. Microphone Gain Test Circuit 
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A Speakerphone 

With Receive Idle Mode 



By 

Dennis Welty and Dennis Morgan 

Bipolar Analog IC Division 

INTRODUCTION 

The MC34018 speakerphone system operates on the 
principle of comparing the transmit and receive signals 
to determine which is stronger, and then switching the 
circuit into that mode. Under conditions where noise 
from the telephone line (in the receive path) exceeds 
the background noise in the transmit path, the speak- 
erphone will switch easily, or even lock, into the receive 
mode. Under these conditions the conversation will 
sound "dead" to the party at the far-end. It will also be 
more difficult for the near-end party to activate the 
transmit channel since the transmit detection is at the 
output of the transmit attenuator, which will be at max- 
imum attenuation during this time. The addition of a 
receive idle mode can alleviate this problem by ensur- 
ing that the transmit and receive gains will be approx- 
imately equal when no voice signals are present. This 
allows the far-end party to hear ambient noises, and 
also increases the sensitivity to transmit signals. 



CIRCUIT DESCRIPTION 

The additional circuitry is shown in Figure 1. The re- 
ceive signal normally applied to RXI also drives XDI 
through a 2.7 kH resistor and a 0.1 /iF capacitor. XDC is 
connected to VLC through the NPN and PNP emitter fol- 
lowers. When voice signals in the receive channel exceed 
the background noise by 4.6 dB, XDC switches high and 
turns off the PNP transistor (the 4.6 dB threshold is built 
into the MC3401 8). The voltage at VLC is then determined 
by the volume control potentiometer. When voice signals 
are no longer present, XDC decays to 0.5 VB and turns 
on the emitter followers. The voltage at VLC is now de- 
termined by the voltage at XDC. By decreasing the VLC 
voltage with the emitter followers the transmit and re- 
ceive gains are adjusted to produce a receive-idle mode. 

A peak detector using an external voltage comparator 
and diode is required to hold the receive attenuator fully 
on (out of the idle mode) when constant level signals, 
such as dial tone, are intentionally presented to the re- 




*SEELM193 DATA SHEET. 



Figure 1. Receive-ldle Circuit 
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ceive channel. When the receive signal at the receive in- 
put exceeds the threshold on the comparator (typically 
20 mV) the peak detector charges the capacitor at XDC 
which prevents the speakerphone fronn relaxing to the 
idle mode. The PNP transistor is turned off and the volt- 
age at VLC is then determined by the volume control 
potentiometer. Under these conditions the speakerphone 
will be in the receive mode. 

The sensitivity threshold of the voice detector circuitry 
can be changed by applying a dc current to XDI. The 
threshold current (nominally 250 nA) also prevents XDC 
from switching sporadically in quiet signal conditions. 
The threshold current is determined by the 1 Megohm 
resistor between XDI and the 10 kn/91 kO, divider refer- 



enced to VB. Whenever receive signal currents exceed 
the threshold current by 4.6 dB, the voice detector will 
respond and allow XDC to switch high. 

CONCLUSION 

The recelve-idle mode Is simple to implement, and Im- 
proves the performance of the speakerphone system by 
allowing noise rejection in both the receive and transmit 
channels. The voice-switching function operates only on 
valid speech, and ignores background noises. 

REFERENCES 

MC34018 data sheet, Motorola, 1985 
LM193 data sheet, Motorola 
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Equalization of DTMF Signals 
UsingtheMC34014 



by 

Scott Bader and Dennis Morgan 

Bipolar Analog IC Division 



INTRODUCTION 

This application note will describe how to obtain equal- 
ization (line length connpensation) of the DTMF dialing 
tones using the MC34014 speech network. While the 
MC34014 does not have an internal dialer, it has the in- 
terface for a dialer so as to provide the means for putting 
the DTMF tones onto the Tip & Ring lines. The Equali- 
zation amplifier, whose gain varies with loop current, was 
meant primarily to equalize the speech signals. However, 
by adding one resistor, it can be used to equalize the 
DTMF signals as well. 

CIRCUIT DESCRIPTION 

Referring to Figure 1, the gain of the equalization am- 
plifier varies with loop current as it is a function of the 
voltage at the LR pin (Pin 13). The gain varies from a 
minimum of -12 dB at low loop currents (long line), to 
-2.5 dB at high loop currents (short line). The output at 
EQ (Pin 6) is in phase with the signals going out onto Tip 
& Ring, but is out of phase with the DTMF input signals 
from the dialer at R7 (see Figure 2). Because of the out- 
of-phase relationship, the signal at EQ can be used to 
partially cancel the signals at the Tone Input (Pin 16). The 
addition of resistor RIO provides the path for this func- 
tion, with the result that the DTMF gain increases as loop 
current decreases. 
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Because the addition of RIO cancels some of the signal 
going into Pin 16, resistor R7 must be decreased in order 
to restore the overall gain from the dialer to Tip & Ring. 

The DTMF gain values indicated in Figures 3 and 4 is 
the gain from the tone dialer (input at R7) to the Tip & 
Ring lines terminated with a 600 ohm resistor. Figure 3 
indicates the gain CHANGE (as the loop current is varied 
from 60 to 20 mA) versus different values of RIO. The 
gain change is a function of RIO, and independent of R7. 
Figure 4 indicates the DTMF gain versus R7 for different 
values of R10 at a loop current of 20 mA. 

Because the typical telephone line is not purely resis- 
tive, there will be a phase shift of other than 180° from 
the DTMF dialer to Tip & Ring in most applications. For 
this reason, the values of RIO and R7 will have to be 
adjusted slightly from those in the graphs to compensate 
for the phase shift. 

The MC34014 data sheet mentions that a dc bias cur- 
rent of 20-50 ijlA is required into Pin 1 6 in order to bias 
the DTMF amplifier. The addition of R1 will provide the 
bias current from the EQ output for most applications, 
in which case it may be desirable to ac couple the dialer 
to R7 with a 0.5 /liF capacitor. Excessive bias current will 
result in clipping of the signals at Tip & Ring. If just the 
addition of RIO results in excessive bias current, then 
the EQ output should be ac coupled to RIO with a 0.5 
/LtF capacitor, and the bias current supplied either from 
the dialer or from an additional resistor as shown in 
Figure 5. 

For further information on the MC34014, refer to its' 
data sheet. 



0.2 0.6 1.0 1.4 1.8 2.2 2.6 

Vlr (VOLTS) 

Figure 1. Equalization Amplifier Gain 
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INPUT v^ 
FROM /-"^'^ 
TONE DIALER 



TO V- 




V-TIO 
Figure 2. DTMF Driver 
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Figure 4. DTMF Gain 
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Figure 5. Alternate Biasing 
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A Handsfree Featurephone Design 
Using the iViC34114 Speech IMetworIc 
and the IViC34018 Speaicerphone iCs 



Prepared by 

Dennis Morgan 

Bipolar Analog IC Division 



INTRODUCTION 

This application note describes the procedure for com- 
bining the MC34114 speech network with the MC34018 
speakerphone circuit into a featurephone which includes 
the following functions: ten number memory pulse/tone 
dialer, tone ringer, a "Privacy" (Mike Mute) function, and 
line length compensation for both handset and speaker- 
phone operation. 



Three circuits are developed in this discussion: a line- 
powered featurephone, a line-powered featurephone 
with a booster (for using the speakerphone on long lines), 
and one powered from a power supply. The circuits are 
nearly identical, except for the Tip/Ring interface. Their 
performance, however, differs noticeably, particularly in 
the low loop current range. Initially, the discussion will 
focus on the line-powered circuit. 



TIP R11 



RING 




NOTE: PIN NUMBERS IN PARENTHESES 
ARE FOR THE SOIC PACKAGE. 



PULSE/TONE 
SELECT 



Figure 1. MC34114 Block Diagram 
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DESCRIPTION OF THE BUILDING BLOCKS 
NOTE: Several pins on the IGs used in this application 
note have identical nomenclature (Vco VB, TXI, MS, Vdd 
and RXI). They provide separate functions, and are not 
to be connected together, unless so noted. 

MC34114 Speech Network 

The MC341 1 4 is a speech network which interfaces with 
Tip & Ring and provides the 2-to-4 wire conversion (see 
Figure 1). The transmit gain is determined by the micro- 
phone amplifier (fixed gain of 30 dB), R6, C5, the internal 
current gains of A1 , A2, the AGC, and the line impedance 
in parallel with R1 . The receive gain Is determined by ZB, 
the internal current gains of A4 and AGC, C8 and R8. The 
sidetone cancellation is determined by A3 and the ZB 
network. The AGC points have a current gain of 1 at low 
loop current, and decrease to 0.5 (-6 dB) at higher loop 
currents, thus providing line length compensation. R1 
(typically 600 ft) sets the circuit's terminating impedance 
for ac (return loss) purposes. 



The MUTE input (when low) disables the microphone 
amplifier, and partially mutes the receive amplifier (with 
an internal 1 k feedback resistor), when dialing. DTMF 
dialing signals are injected at TXI through R7 and C6. The 
Mode Select (MS) input (when low, and MT is low) pro- 
vides a voltage boost at Vcc to ensure adequate voltage 
during DTMF dialing at low loop currents. The 3.3 volt 
regulated output (Vpo) powers the dialer, and the 1.7 
volt regulated output (VR) is used to bias the microphone. 

The dc characteristics at Tip & Ring are determined by 
the diode bridge (1 .4 volts), a level shift of approximately 
2.9 volts from Vqc to LR, and the voltage across R2 + R3 
(typically 43 Q, and 13 H). All the loop current, minus 
«10mA, flows through those two resistors. Th e level 
shift (Vcc - LR) increases to «3.9 volts when both MUTE 
and MS are low (tone dialing mode). The voltage at 
RAGC, when within the range of 0.5 to 1 volt, controls 
the internal AGC as a function of loop current. 



MC34018 Speakerphone 

The MC34018 speakerphone IC (see Figure 2) provides 
all of the necessary functions for a complete speaker- 
phone circuit in a single integrated circuit. Included are 
the transmit and receive attenuators, which operate In a 
complementary manner, to provide the necessary half- 
duplex function. The two level detectors, in conjunction 
with the background noise monitor and control algo- 
rithm, provide a two point sensing and decision making 
system to control the attenuators based on the levels and 
timing of the transmit and receive signals. Additional 
functions include the microphone amplifier, speaker 
amplifier, volume control for the receive path, and a chip 
select pin. The gain of the speaker amplifier, normally 
+ 34 dB, is reduced by the AGC circuit in the presence of 
strong signals to prevent clipping at SKO. The component 
values shown are typical. 

Connections to the speakerphone circuit are made to 
the four points at the right end of Figure 2 (Receive Input, 
DC Supply, Chip Select, & Transmit Output). 

The DC supply requires 4 to 11 volts dc, and it must 
be well filtered to prevent oscillations when the speaker 
amp is operating. In a typical line powered circuit, an 
inductor (1H) is used, in conjunction with the 1000 fxP 
capacitor shown, to filter the voltage derived from the 
loop current. 

The Receive Input of Figure 2 is derived from the 4-wire 
side of the speech network. The gain from RXI to the 
speaker is +40 dB when In the receive mode at maximum 
volume ( + 6 dB in the attenuator, +34 dB in the speaker 
amp). At minimum volume, the attenuator's gain reduces 
by «30 dB, for an overall gain of + 10 dB. In the transmit 
mode, the receive gain is ~-4 dB. 

The transmit gain, from the microphone to Transmit 
Output, is +40 dB ( + 34 dB in the mike amp, +6 dB in 
the attenuator), and does not vary with the volume con- 
trol. In the receive mode, the transmit gain is «-4 dB. 
The Transmit Output will connect to the 4-wire side of 
the speech network. 



_^ RECEIVE 
"^ INPUT 



|16, DC 
JL^ SUPPLY 




«14.,i •' p'^p' 



TLI TXO 



0.068 
3.3 k 



GND 



20 k 
24 f VOLUME 
CONTROL 
24 k 



..^ TRANSMIT 
OUTPUT 



Figure 2. MC34018 Block Diagram 



AN1002 
4-102 



MOTOROLA COMMUNICATIONS DEVICE DATA 



The overall speakerphone's transmit and receive gains 
to/from Tip & Ring will be adjusted at the interface from 
Fi gure 2 to th e speech network. 

Chip Select enables the MC34018 when at a logic low. 
The MC34018's supply current is normally «5 mA. When 
CS is taken higher than 1.6 volts, the IC is disabled, and 
the supply current drops to «500 /iA. 

Vcc (Pin 20) is a regulated 5.4 volt output, and VB (Pin 
21) is a regulated 2.9 volt output. VB is typically used to 
bias the microphone. 

MC145412 Dialer 

The dialer is a pulse/tone dialer with 10 number mem- 
ory. Including last number redial (Figure 3). The pulse 
and tone functions are selectable by Pin 10 (MS). The 
circuit uses a standard 3.58 MHz crystal, and a standard 
3x4 or 4x4 keypad. 

The NPN transistor at Pin 12 indicates the on-hook/off- 
hook status to the IC. Power for the dialer is the 
MC341 14's Vdd (3.3 volts), diode connected with a mem- 
ory sustaining battery. The DTMF output goes to C6/R7 
of Fig ure 1 , which sets the gain. 

The OPL (OUTPULSING) pin is used to interrupt the 
loop current when pulse dialing. The pin is active low, 
open drain. TSO (Tone Signal Output) provides a pacifier 
tone during pulse dialing. The tone is a 500 Hz square 
wave, which swing f rom Vqd to Vss- 

The Mute Output (MO) is active low, open drain, and 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 



Table 1. 



r 




3.58 MHz CD g 



Vss 



MC145412 
DIALER 



Vdd 



C4 

0SC1 Ts 

0SC2 MS OH 



TONE 
~ PULSE 



TO PULSE 



Jlih 



DTMF 
-^ OUTPUT 



u; 



FROM 
1^ f * < MC34114 

i Vdd 



OUTPUT 
PACIFIER 



4.7 M 



Function 


HANDSET 


SPEAKERPHONE 


Mike 


R'cvr 


Mike 


Speaker 


Handset Speech 
Handset Dialing 
Handset Mike Mute 

Speakerphone Speech 
Speakerphone Dialing 
Speakerphone Mike Mute 


On 
Off 
Off 

Off 
Off 
Off 


On 

Mute 

On 

Off 
Off 
Off 


Off 
Off 
Off 

On 
Off 
Off 


Off 
Off 
Off 

On 

Mute 

On 



In Table 1, "ON" means fully functional, "OFF" means 
non-functional, and "MUTE" means partially muted (10 
to 20 dB). To apply Table 1 to the specific ICs described 
above, the requirements are expanded as follows: 

Table 2. 





MC34114 


MC34018 


Loop 


MC145412 


Function 


MT 


MS 


CS 


Current 


MS 


Handset 


Hi 
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Hi 


ThruMC34114 
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Speech 












Handset Pulse 


Lo 


Hi 


Hi 


ThruMC34114 
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Dialing 












Handset Tone 


Lo 


Lo 


Hi 


ThruMC34114 
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Dialing 












Handset Mike 
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Hi 


ThruMC34114 


X 


Mute 












Speakerphone 


Lo 
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Lo 


To MC34018 
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Speech 












Speakerphone 


Lo 


Hi 


Lo 


To MC34018 


Open 


Pulse Dialing 












Speakerphone 


Lo 


Lo 


Lo 


To MC34018 


Gnd 


Tone Dialing 












Speakerphone 


Lo 


X 


Lo 


To MC34018 


X 


Mike Mute 













X = Don't Care 

A summary of Table 2 is: 

a) The MC34114 speech network is put into the Mute 
mode (MT = Lo) not only for dialing, but also to mute 
the microphone and receiver for the Privacy function 
(Mike Mute), and when in the speakerphone mode. 

b) The MC34018 is disabled for all the handset functions, 
and enabled for all the speakerphone functions. 

c) The loop current, which normally flows through the 
LR pin of the MC34114 (see Figure 1), is directed 
instead to the MC34018 in the speakerphone mode so 
as to make the power available to the speaker. 

d) The MS pins of the dialer, and of the MC34114, are 
significant only during dialing. 



Figure 3. Pulse/Tone Dialer 



SWITCHING THE CIRCUIT AROUND 

The logic functions involve: a) switching the circuit 
from handset mode to/from speakerphone mode, 
b) switching in and out of either dialing mode while in 
either handset or speakerphone mode, and c) muting the 
two microphones for the "Privacy" function. Table 1 tab- 
ulates the fundamental requirements applicable to any 
featurephone: 



PUTTING IT ALL TOGETHER 

Switching Between Handset and Speakerphone Modes 

To switch between modes, two actions are necessary: 
1) Divert the excess loop current, which normally flows 
through the MC34114, to the MC34018 during speaker- 
phone mode, and 2) enable and disable the speech net- 
work and speakerphone circuits appropriately. The circuit 
of Figure 4 fullfills those requirements: 
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Figure 4. Switching Between Modes 



HS (3 poles) is the hookswitch operated by lifting the 
handset. SS (1 pole) activates the speakerphone when 
the handset is on-hook. The switches are shown on-hook 
in Figure 4. 

If the handset is lifted (HS transfers), the MC341 14 con- 
sumes «10 mA internally, and the excess loop current 
flows out of the LR pin and through the 43 H and 13 ft 
resistors. The voltage across the 13 ft resistor controls 
the AGC function. The configuration in this position is 
similar to that of Figure 1 . Additionally, Q4 is off, allowing 
CS to be pulled high, disabling the MC34018. 

If the handset is on-hook, and switch SS is closed, the 
MC34114 still consumes ~^0 mA internally, but the 
excess loop current now flows through the 1 Henry 
choke, the zener diode, and the 13 resistor. The voltage 
across the 13 ft resistor still controls the AGC function 
of the MC34114. The MC34018's GS is held low by Q4, 
enabling the speakerphone, and the MC34114's MT is 
low, muting its microphone and receive amplifiers. If the 
handset is lifted while the speakerphone is in operation, 
the circuit reverts to the handset mode. 

It may appear that CS and MT could be connected 
together and to HS3 to provide the same functions, 
thereby eliminating Q4. The fact, however, that other 
parts of the circuit will be connected to MTin subsequent 
sections of this application note negates that possibility. 

Joining tlie Receive Paths 

Refering to Figure 1, receive signals arriving at Tip & 
Ring generate a current through the ZB network, into Pin 
15. That current is modified by A4, the AGC, made avail- 
able (as a current) at RXA, and coupled to RXI, where it 
is converted to a voltage by the receive amplifiers and 
R8. The ZB network is typically 12 kft, and R8 is typically 
3.9 kft. The receive gain to the handset receiver is there- 
fore nominally -10 dB at low loop currents. 

To feed the receive signals to the speakerphone, the 
circuit of Figure 5 is used. 

The current out of RXA is now split (by the 1 kft resis- 
tors) so that approximately half goes to RXI (of the 



MC34114) via C8, and the other half is converted to a 
voltage (by the op amp) for the speakerphone's Receive 
Input (Figure 2). The MC33171 was chosen for its very 
low supply current (typically 180 fiA). The op amp is pow- 
ered from the MC34018's Vqc output (5.4 volts), and 
biased by the MC34018's VB (2.9 volts). The receive gain 
for the speakerphone is determined by the following 
equation: 

/RrSPxA4xAGCx0.5^ 



Grx = 20 log 






ZB + 500ft 



+ 40 dB 



The terms A4, ZB, and AGC (from Figure 1) are set at 
0.5, 1 2 kft, and 1 respectively for low loop currents. The 
0.5 in the above equation is due to the current splitting 
of Figure 5, and the +40 dB is the gain of the MC34018's 
receive attenuator and speaker amp. For a nominal 
overall gain of +30 dB, Rrsp calculates to -18 kft. At 
higher loop currents, the overall gain will be ~ + 24 dB. 
The above equation assumes the volume control is set 
to maximum. 

To compensate for the reduced current going to the 
MC34114's receive amplifiers, R8 (Figure 1) is increased 
to 8.2 kft. 
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Figure 5. Joining the Receive Paths 
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Figure 6. Joining the Transmit Paths 

Joining the Transmit Paths 

In the transmit path of Figure 1 , the microphone signals 
are gained up by 30 dB by the mike amplifier. The output 
at MCO creates a current into TXI through R6 and C5. 
That current is gained up by 100 by A1 and A2 (assume 
AGC = 1), and A2's output current then acts on the par- 
allel combination of R1 and the line's ac impedance. Typ- 
ical values are: R6 = 15 kH, R1 = 600 ft, and 600 £i for 
the line's impedance. Neglecting the slight loading of R7, 
R12, and ZB, the overall handset transmit gain is « + 36 
dB at low loop currents. 

The transmit output (voltage signals) from the speaker- 
phone circuit (Figure 2) is applied to the speech network 
at TXI (a current input) in Figure 1, through a resistor 
(Rjsp) and a coupling capacitor (see Figure 6). For a 
nominal gain of +44 dB (from the microphone to the 
MC341 14's Vcc)/ Rtsp calculates to be «18 kft. The cou- 
pling capacitor (nominally 0.1 /xF) can be varied to set 
the low frequency rolloff. 

Fitting in the Dialer and Another Switch 

The Mute Output of Figure 3 must mute three items: 
DThe MC34114 by pulling its MT pin low, 2) the 
MC34018's transmit path, and 3) the MC34018's receive 
path. This is accomplished with the circuit of Figure 7: 



During dialing, Q1-Q3 are turned on by the dialer. Q1 
mutes the MC34114, which shuts off its microphone 
amplifier, and mutes the receive amplifier by «27 dB. To 
mute the speakerphone's transmit path, RjSP (of Figure 
6) is divided into two resistors, and the junction pulled 
low by Q2, providing =35 dB muting of TXO's signal. 
Since the MC3401 8 will switch to the receive mode during 
DTMF dialing, the transmit attenuator will provide an 
additional muting of 44 dB, for a total of =79 dB. The 
speakerphone's receive path is muted by reducing the 
effective resistance at RRX (MC34018's Pin 28) from 18 
kn to =3.7 kn with Q3. From Figure 3 of the MC34018's 
data sheet, the receive attenuator's gain is reduced by 
=23 dB. The 1 /i,F capacitor on Q3 softens any "pops" in 
the speaker when switching out of muting. 

The DTMF output in Figure 3 is simply connected to 
C6/R7 of Figure 1 (or Figure 6) to get the DTMF signals 
to Tip & Ring. Using 24 V£i for R7, and 0.1 /iF for C6, 
DTMF levels of «-3.8 dBm will result at Tip & Ring^ 

For pulse dialing. Pin 17 of the MC145412 dialer (OPL) 
is connected to a standard two transistor network to inter- 
rupt the loop current (Figure 8). The 12 volt zener diode 
protects the circuitry from voltage spikes during pulse 
dialing, and whenever a hook switch is opened. 

The TSO output (pacifier tone), which is generated only 
when a keypad button is depressed in the pulse dialing 
mode, is injected to the MC341 14's ZB pin so as to make 
it available to both the handset receiver and the speaker- 
phone. This tone is not generated during DTMF dialing. 

To select between pulse and tone dialing modes, the 
switch on the dialer's Pin 10 (Figure 3) is connected to 
the MC34114's MS pin (Pin 16). Since the MC34114's MS 
pin requires a pull-up resistor for a logic high, a diode 
must be added (Figure 8) so the dialer's MS pin is open 
when the switch is in the pulse position. 

Switching in Some Privacy 

The Privacy function (Mike Mute of Tables 1 and 2) 
requires only a 2 pole switch. One pole mutes the 
MC34114 to disable its microphone amplifier. The other 
pole is wired directly across the speakerphone's 
microphone. 
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Figure 7. iVIuting Circuit 
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Figure 8. Pulse Dialing Circuit 



Adding the Tone Ringer 

The MC34017 tone ringer circuit, siiown in Figure 9, is 
added to the circuit by simply connecting it directly across 
Tip & Ring. It is not necessary to disconnect the tone 
ringer when off-hook. This circuit will provide a ringer 
with an REN of =-0.5, and nneet all the EIA-470 and Bell 
system requirements for impedance, anti-bell tapping, 
and turn-on/off thresholds. 

Finally, the Complete Circuit 

The complete line-powered featurephone is shown in 
Figure 10. The performance curves for this circuit are 
shown in Figures 11-16. The "Speaker Amp Max Output 
Swing" is the maximum rms voltage available at the 
speaker amp output (Pin 15) of the MC34018 (Its internal 
AGO circuit limits the maximum output to prevent clip- 
ping). The transmit gain tests involved replacing each 
microphone with a signal generator, and adjusting for a 
level of approximately -11 dBm at Tip & Ring Into a 
600 CI resistive load. The receive tests involve applying 



approximately -27 dBm to Tip & Ring, and measuring 
the gain to the receiver or speaker. 

As can be seen in Figure 12, the maximum available 
speaker power is a function of the loop current since 
all of the speaker current must come from the loop. 
Consequently, the receive gain for the speakerphone 
(Figure 15) shows a marked decrease at low loop cur- 
rents. It must be remembered that in a line powered 
speakerphone, as the speaker draws current in 
response to a receive signal, the voltage at Tip & Ring 
decreases quickly. As the MC34018's V+ falls with the 
Tip & Ring voltage, the speaker amp's output capability 
is reduced. Consequently, a 25 H speaker is recom- 
mended for a line powered speakerphone as this makes 
the best use of the power available from the phone line. 
A lower impedance speaker will require more current, 
causing V+ to sag further for a given signal level. A 
higher impedance speaker draws less current, but pro- 
duces less sound power. 
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Notes: 

1) All capacitors In /xF except 
where noted. 

2) HS = Handset operated hookswitch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole. _a_ _j_ _*- .-_ - ^ 
Switches shown in on-hook position. _ _ - ^ ^^,j~~L_-vvsr^-< MUTE ^^ ^ 

3) All diodes 1N4002. 

4) These resistors depend on the specific nnicrophones. 

Figure 10. Pulse/Tone Featurephone w/Memory — Line Powered 
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MC34114/MC34018 Line Powered Featurephone 
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Figure 11. Tip to Ring DC Voltage 
versus Loop Current 
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Figure 12. Speaker Amplifier Output and DTMF Level 
versus Loop Current 
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Figure 13. Transmit Gain versus Loop Current 
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Figure 14. Transmit Gain versus Frequency 
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Figure 15. Receive Gain versus Loop Current 



Figure 16. Receive Gain versus Frequency 
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BOOSTING THE SPEAKERPHONE AT 
LOW LOOP CURRENTS 



Adding a Booster 

To improve the performance of the speakerphone at 
low loop currents (below 30 mA), a minimal cost 
approach is to add an optional booster to the power 
supply portion of the MC34018. The approach in this 
application note is to use a wall mount transformer, 
similar to calculator chargers. A 9 volt ac Adapter, Radio 
Shack model #273-1455A, which contains the diode 
bridge and filter capacitor, was used to minimize the 
additional circuitry within the speakerphone itself. 



Since this particular ac adapter is specified for use with 
Radio Shack's speakerphones (model Duofone 102), it 
is this author's assumption that it complies with appli- 
cable FCC specifications, although that is not so stated 
on the transformer. 

This application does not require a regulated voltage 
from the ac adapter, which further simplifies the design. 
The circuit of Figure 17 adds the ac adapter to the circuit 
of Figure 10: 
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Figure 17. Adding a Speal<erphone Booster 



The circuit is the same as in Figure 10, but with the 
addition of Q5, the 20 k and 47 O resistors, 2 diodes, the 
1000 /iF capacitor, and the power supply connector for 
the ac adapter. The zener diode is changed to 5.6 volts 
to provide slightly more voltage to the MC34018 when 
the ac adapter is not used (at higher loop currents). The 
47 n resistor provides short circuit protection for the 
ac adapter, and also aids in filtering 60 Hz ripple from 
theMC34018. 

At low loop currents, and with the adapter plugged in, 
and the circuit in the speakerphone mode (HS2 as shown 
in Figure 17), D1 is reverse biased by the adapter's higher 
voltage. All of the speakerphone's current is now sup- 
plied by the ac adapter. Q5 is on, allowing the excess 
loop current to flow through the MC34114's LR pin. The 
dc characteristics at Tip & Ring are similar for the handset 
mode and the speakerphone mode. 

At higher loop currents, the dc characteristics of the 
two modes will differ slightly as some of the MC34018's 
current may be supplied by the loop. 



Without the adapter plugged in, the circuit will act the 
same as that of Figure 10. Diode D2 prevents Q5 from 
being turned on. 

In the handset mode, the circuit operates the same as 
that in Figure 10 when it is in the handset mode. 

The Complete Circuit with the Booster 

The complete circuit is shown In Figure 18. A quick 
comparison shows it is identical to that of Figure 10, 
except for the booster section in the lower right hand 
corner. The performance curves for this circuit are 
shown in Figures 19-24. As can be seen in Figures 20 
and 23, the speakerphone's performance does not 
degrade below 30 mA as had happened in Figures 12 
and 15. The muting specs for this circuit are the same 
as for Figure 10. 
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Notes: 

1) All capacitors in /xF except 
where noted. 

2) HS = Handset operated hookswitch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole. 
Switches shown in on-hook position. 

3) All diodes 1N4002. 

4) These resistors depend on the specific microphones, 
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Figure 18. Pulse/Tone Featurephone w/Memory — Line Powered w/Booster 
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Figure 19. Tip to Ring DC Voltage versus Loop Current 
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Figure 21. Transmit Gain versus Loop Current 
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Figure 22. Transmit Gain versus Frequency 
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Figure 23. Receive Gain versus Loop Current 
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Figure 24. Receive Gain versus Frequency 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 



Using A Transformer 

For those cases where it is desireable to power the 
featurephone from a regulated power supply, rather than 
from loop current, a transformer is required to provide 
the isolation needed between the phone line and any ac 
power and earth ground. The primary change to the cir- 
cuit of Figure 10 is in the area of the Tip & Ring interface, 
as shown in Figure 25. It must be remembered that loop 
length compensation is not possible in this circuit since 
the loop current is not monitored. The MC34114's RAGC 
pin is grounded in this circuit, setting the transmit and 
receive gains to maximum. 




Figure 25. Tip/Ring Interface with a Power Supply 



The +9 volt supply powers the MC34114 through the 
transformer winding. In this manner the speech signals 
are coupled between the MC341 14 and Tip/Ring. The two 
diodes provide transient clamping, as does the 12 volt 
zener diode. The MC34018 is powered directly from the 
+ 9 volt supply, eliminating the need for the 1H choke. 



The SS switch (speakerphone on/off) requires one more 
pole now, as shown in Figure 25. (Note: Although a +9 
volt supply is shown, a lower voltage supply could be 
used as well.) 

Changes In the Dialer and Logic Circuit 

To reduce the parts count of the logic portion of the 
previous circuits, Q1~Q3 were replaced with logic gates. 
A triple 3-input AND gate, with open collector outputs 
(74LS15),fulifillsthe requirements of Tables 1 and 2. (The 
use of an LSTTL logic gate was not feasible in the pre- 
vious two circuits due to the current consumption of the 
LS device.) The 5 volt power for the gates is derived from 
the +9 volt supply using a 1N4733 zener diode. Since 
the dialer's mute output drives the gate inputs, it is nec- 
essary to power the dialer from the same + 5 volt supply, 
rather than the MC34114's VpD supply. The resulting 
logic circuit is shown in Figure 26. 

The use of the logic gate also simplifies the selection 
of handset versus speakerphone mode of operation. The 
diversion of the excess loop current is not an issue in this 
circuit, so the switching of that current is eliminated, 
along with Q4. The Mike Mute function can now be pro- 
vided from a single pole switch, rather than the two pole 
switch of the previous circuits. 

With this circuit, the handset operated switch (HS) 
remains a 3-pole switch. 

Because of the isolation requirement, the MC145412 
dialer requires a relay to break the loop current during 
pulse dialing. Figure 27 depicts this circuit. 

The relay is normally off, and energized only for the 
pulse dialing function. The 1 /xF capacitor (rated 250 volts 
min., NPO) helps absorb the transients generated during 
pulse dialing. 
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Figure 26. Switching Modes Using Logic Gates 
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Figure 27. Pulse Dialer Circuit 



The Complete Circuit with the Power Supply 

The complete circuit is shown in Figure 28. The per- 
formance curves are shown in Figures 29-34. The Tip to 



Ring dc voltage (Figure 29), determined solely by the dc 
resistance ofthetransformerwinding, is somewhat lower 
than in the previous circuits. Figures 30, 31, and 33 show 
the performance is fairly constant with loop current, 
except for a slight reduction in gain at the higher currents. 
This Is due to the characteristics of the transformer used 
In developing this circuit (model #TTPC-13 from Stancor, 
Inc.). Also noticeable in the curves, compared to Figures 
11-16 and 19-24, is the lack of loop length compensation 
— a natural consequence of this type of circuit. 

The muting specifications for this circuit are the same 
as for the line powered circuit. The current required from 
the +9 volt power supply is as follows: 

a) Handset mode: «32 mA. 

b) Speakerphone mode (no sound at the speaker): 
-41 mA. 

c) Speakerphone mode (max. volume at the speaker): 
«82 mA. 

Although Figure 28 indicates the use of a 25 ohm 
speaker, any impedance speaker within the range of 16 
to 40 n can be used, since this circuit is not line powered. 
The receive gain may have to be adjusted, however, if a 
different speaker is used. 
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Notes: 

1) All capacitors in fiF except 
where noted. 

2) HS = Handset operated hookswitch — 3 poles. 
SS = Speakerphone on/off switch — 2 poles. 
Switches shown in on-hook position. 

3) All diodes in 1N4002. 

4) These resistors depend on the specific microphones. 
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Figure 28. Pulse/Tone Featurephone w/Memory — Powered From a Power Supply 



MC34114/MC34018 Featurephone w/Power Supply 
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Figure 29. Tip to Ring DC Voltage versus Loop Current 
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Figure 30. Max. Speaker Amplifier Output and DTMF 
Level versus Loop Current 
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Figure 31. Transmit Gain versus Loop Current 
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Figure 32. Transmit Gain versus Frequency 
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Figure 33. Receive Gain versus Loop Current 



Figure 34. Receive Gain versus Frequency 
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CONSTRUCTION HINTS 



Board Layout 

The filter capacitor for the MC34018 speakerphone IC 
(typically 1000 iiF) must be physically adjacent to Pin 16 
of the IC, within 1". This is particularly Important in the 
line-powered versions, where Vqc can vary with the 
speech intensity. Since most of the current is used in the 
speaker amplifier, the PC board track leading to Pin 16 of 
the MC34018 should be laid out with care, preferably 
close to the zener diode, or the power supply connector. 
The ground tracks should be as wide as possible, and 
laid out with care. 

EMI Susceptibility 

Potential EMI susceptibility problems should be 
addressed early in the electrical and mechanical design 
of the speakerphone. EMI may enter the circuit through 
Tip & Ring, through the microphone wiring to the ampli- 
fiers, or through any of the PC board traces. The most 
sensitive pins on the MC34108 are the inputs to the level 
detectors (RLI, TLI), since, when there is no speech pres- 
ent, the inputs are high impedance and these op amps 
are in a near open loop condition. These board traces 
should be kept short, and the resistor and capacitor for 
each input should be physically close to the pins. Other 
high impedance input pins (MCI, VLC) should be consid- 
ered sensitive to EMI signals. 

The microphone wires within the handset cord can act 
as an antenna, and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con- 
sisting of ferrite beads and small (0.001 ju-F) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 

a) In the design of any speakerphone, acoustics are 
extremely important, and must be considered from the 
very beginning. Building a breadboard with the micro- 
phone and speaker "hanging out in mid air" simply will 
not work!!! One of the most common problems in a 
speakerphone design is acoustic feedback (the speaker 
is closely coupled to the microphone) which results either 
in oscillations (2-10 kHz) or "motor-boating" (1-10 Hz 
switching). A properly designed enclosure for the fin- 
ished product should provide at least 50 dB of acoustic 
loss (speaker drive voltage to microphone output volt- 
age). The physical location of the microphone, along with 
the characteristics of the microphone, will play a large 
role in the quality of the transmitted sound. The micro- 
phone and speaker vendors can usually provide addi- 
tional information on the use of their products. 

b) The quality of the speaker, and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can go a long way 
towards improving the sound of the finished speaker- 
phone. As a general rule, good electronics cannot com- 
pensate for poor acoustics and/or low speaker quality. 

In the Final Analysis . . . 

In the final analysis, the circuits shown in this appli- 
cation note will have to be "fined tuned" to match the 



acoustics of the enclosure, and the specific microphone 
and speaker selected. The component values shown in 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at key points in the circuits (see appro- 
priate text). The switching response of the speakerphone 
can then be fine tuned by varying (in small steps) the 
components at the level detector inputs until satisfactory 
operation is obtained for both long and short lines. The 
references can be consulted for additional speakerphone 
design theory. 



GLOSSARY 
Attenuation — A decrease in magnitude of a commu- 
nication signal, usually expressed in dB. 
Bandwidth — The range of information carrying fre- 
quencies of a communication system. 
C-Message Filter — A frequency weighting which eval- 
uates the effects of noise on a typical subscriber's system. 
Central Office — Abbreivated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that 
houses switching gear for interconnection within its 
exchange area, and to the rest of the telephone system. 
A typical CO can handle up to 1 0,000 subscriber numbers. 
dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 X log (P1/P2) for power measurements, and 

20 X log (V1A/2) for voltage measurements. 
dBm — An indication of signal power. 1 mW across 600 ft, 
or 0.775 volts rms, is defined as dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 X log (Vrms/0.775), or 

dBm = [20 X log (Vrms)] + 2.22. 
dBmp — Indicates dBm measurement using a psopho- 
metric weighting filter. 

dBrn — Indicates a dBm measurement relative to 1 pW 
power level into 600 Cl. Generally used for noise mea- 
surements, dBrn = -90 dBm. 

dBrnC — Indicates a dBrn measurement using a C- 
message weighting filter. 

dBrnCO — Noise measured in dBrnC referred to zero 
transmission level. 

DTMF — Dual Tone Multi-Frequency. It is the "tone dial- 
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num- 
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 
Four Wire Circuit — The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally from the microphone), 
and one pair is for the Receive path (generally to the 
receiver). 

Full Duplex — Atransmission system which permits com- 
munication in both directions simultaneously. The stan- 
dard handset telephone is full duplex. 
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Gain — The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number, and a decrease is a negative number. 
Half Duplex — A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speaker- 
phones, are half duplex. 

Hookswitch — A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 
Line Length Compensation — Also referred to as loop 
compensation, it involves changing the gain of the trans- 
mit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line 
lengths. A short line (close to the CO) will attenuate sig- 
nals less, and therefore less gain is needed. Compen- 
sation circuits generally use the loop current as an indi- 
cation of the line length. 

Loop — The loop formed by the two subcriber wires (Tip 
and Ring) connected to the telephone at one end, and 
the central office (or PBX) at the other end. Generally it 
is a floating system, not referred to ground, or ac power. 
Loop Current — The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mA. 
Off Hook — The condition when the telephone is con- 
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On Hook — The condition when the telephone is discon- 
nected from the phone system, and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX — Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an 
office building. A portion of the PABX connects to the 
Bell (or other local) telephone system. 
Pulse Dialing — A dialing system whereby the loop 
current is interrupted a number of times in quick 
succession. The number of interruptions corresponds 
to the number dialed, and the interruption rate is typ- 
ically 10 times per second. The old rotary phones, and 
many new pushbutton phones, use pulse dialing. 



REN — Ringer Equivalence Number. An indication of the 
impedance, or loading factor, of a telephone bell or ringer 
circuit. An REN of 1 equals ~8 k ohms. The Bell system 
typically permits a maximum of 5 REN (1.6 kCl) on an 
individual subscriber line. A minimum REN of 0.2 (40 kCl) 
is required by the Bell system. 

Ring — One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion 
of the plugs used by operators (in older equipment) to 
make the connection. Ring is traditionally negative with 
respect to Tip. 

Sidetone — The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse- 
quence of the 2-to-4 wire conversion system. Widetone 
was recognized by Alexander Graham Bell as necessary 
for a person to be able to speak properly while using a 
handset. 

Speech Network — A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally it provides sidetone control, 
and in many cases, the dc loop current interface. 
Subscriber Line — The system consisting of the user's 
telephone, the interconnecting wires, and the central 
office equipment dedicated to that subscriber (also 
referred to as a loop). 

Tip — One of the two wires connecting to the central 
office to a telephone. The name derives from the tip of 
the plugs used by operators (in older equipment) to make 
the connection. Tip is traditionally positive with respect 
to Ring. 

Tone Ringer — The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 

Two-Wire Circuit — Refers to the two wires connecting 
the central office to the subscriber's telephone. Com- 
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 

Voiceband — That portion of the audio frequency range 
used for transmission across the telephone system. Typ- 
ically it is 300-3400 Hz. 
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SUGGESTED VENDORS 



Microphones 

Prime Microphones Inc. 
Bensenville, Ml. 60106 
312-595-1022 
Model EM-60 



MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 



Hosiden America Corp. 
Elk Grove Village, 111.60007 
312-981-1144 
Model KUC2123 



25 a Speakers 

Panasonic Industrial Co. 
Seacaucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 



Telecom Transformers 

Microtran Co., Inc. 

Valley Stream, N.Y. 11528 

516-561-6050 

Various models — ask for 

catalog and Applications 

Bulletin F232 



Stancor Products 
Logansport, IN 46947 
219-722-2244 
Various models — ask 
for catalog 



PREM Magnetics, Inc. 
McHenry, III. 60050 
815-385-2700 
Various models — ask 
for catalog 



Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 



Motorola Inc. does not endorse or warrant the 
suppliers referenced. 

Compliance with FCC or other regulatory agencies of 
the circuits described herein is not implied or 
guaranteed by Motorola Inc. 
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A Featurephone Design, with Tone Ringer and 
Dialer, Using the MC34118 Speaiierphone IC 



Prepared by 

Dennis Morgan 

Bipolar Analog IC Division 



INTRODUCTION 

This application note describes iiow to add a handset, 
dialer and tone ringer to the MC341 18 speakerphone cir- 
cuit. Although any one of several speech networks could 
be used as an interface between the l\/IC34118 and the 
phone line (those possibilities are discussed in separate 
application notes) this application note covers the case 
where simplicity and low cost are paramount. A "Pri- 
vacy" (Mike Mute) function is included, but not pulse 
dialing, nor line length compensation. 

Two circuits are developed in this discussion: a line- 
powered featurephone and one powered from a power 
supply. The circuits are nearly identical, except for the 
Tip and Ring interface. Their parameters however, differ 
noticeably, particularly in the low loop current range. 



MC341 18 DESCRIPTION 

The MC341 18 speakerphone IC provides all of the nec- 
essary functions for a complete speakerphone circuit. 



except for the speaker amplifier, in a single integrated 
circuit. Included are the transmit and receive attenuators, 
which operate in a complementary manner, to provide 
the half-duplex function. The four level detectors, in con- 
junction with the background noise monitors and the con- 
trol algorithm, provide a four point sensing and decision 
making system to control the attenuators based on the 
levels and timing of the transmit and receive signals. A 
filter, user selectable to be high pass, low pass, or band- 
pass. Is included for filtering either the transmit or receive 
signals. Additional functions include volume control for 
the receive path, a Mute input for the microphone ampli- 
fier and a chip disable pin. A simplified block diagram is 
shown in Figure 1. 

Unlike many other speakerphone ICs, the MC34118 
includes the hybrid amplifiers for the two-to-four wire 
conversion when used in conjunction with a transformer. 
Figure 2 depicts a basic line powered speakerphone using 
the MC34119 speaker amplifier. When used in parallel 
with any standard telephone, all of the necessary tele- 
phone functions are then provided. 



>RING 




Figure 1. Simplified Block Diagram 
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Notes: 

1. These two resistors depend on the specific microphone selected. 

2. BNM = Background Noise Monitor; DTD = Dial Tone Detector 

3. All capacitors in /xF unless otherwise noted. 



Figure 2. Basic Line-Powered Speakerphone 



LINE-POWERED FEATUREPHONE 

DC Characteristics 

The DC characteristics of the circuit (Figure 2) are 
determined by the resistance of the transfornner wind- 
ing (Stancor TTPC-13 in this circuit development), the 
diode bridge and the zener diode. Using a 3.9 volt zener 
diode (to power the speakerphone and the various parts 
of the circuit) the voltage at Tip and Ring is within the 
EIA-470 guidelines. 

With a Vcc of 3.9 volts, the MC34118 provides a VB 
voltage (Pin 15) of -1.6 volts. The VB voltage is used as 
an AC ground for the entire circuit. 

Adding the Handset Microphone 

The microphone used in developing this circuit was the 
Prime EM-95 which operates with a bias current of 500 /iA 
to 1 mA. The bias current is obtained from the Vqc supply 
voltage, but the bias resistor is composed of two resis- 
tors, with the center tap AC coupled to VB, as shown in 
Figure 3. The AC output level of the microphone is deter- 
mined by the 3.9 kft resistor, while the DC bias level is 
determined by the sum of the 3.9 k and 3 k resistors, and 
Vcc- ^1^6 0.047 fiF capacitor provides high frequency roll- 
off. The AC output of the above circuit goes to Pin 7 (HTI) 
of the MC34118, which is the summing junction of the 
first hybrid amplifier. The 1 k resistor, in conjunction with 
the 100 k feedback resistor on the amplifier (Figure 3), 
sets the gain. In this way, the microphone signals are fed 
to Tip and Ring. The gain of this circuit can be adjusted 
by varying the 1 k or the 3.9 k resistor, or both. Different 
microphone models generally have different biasing 
requirements for optimum output levels. 

The transistor, activated by an active high Mute sig- 
nal, will shut off the microphone when it is to be ino- 
perative, such as during dialing and during speaker- 
phone operation. 

Adding the Handset Receiver 

Although the receive signals are available at the filter's 
output (FO, Pin 1 ), the low impedance of a typical receiver 
(100-150 Cl) requires a separate amplifier, depicted in 



Figure 4, to drive it. The MC33171 was chosen due to its 
low supply current (typically 180 /lA). It is biased from 
VB and set for a gain of «0.43 ( - 7.3 dB). Low frequency 
roll-off is provided by the 0.047 /iF input capacitor, as 
well as by the filter. High frequency roll-off is not provided 
since the presence of high frequencies generally make 
the sound "crisper" and therefore easier to understand. 
If roll-off is desired, simply add a capacitor across the 
4.3 k feedback resistor. 

The addition of the op amp facilitates providing side- 
tone control, which is obtained by sampling the transmit 
signal at HTO- (Pin 6) and using that to cancel part of 
the sidetone signal. The 20 k resistor and 0.02 /xF capac- 
itor provide a phase shift to compensate for the signal's 
phase shift at FO relative to HTO-, caused by the trans- 
former and the line's complex impedance. The combi- 
nation of the phase shift and the 10 k resistor (RS) deter- 
mine the amount of sidetone cancellation. 

Since the op amp is driving an inductive receiver at the 
end of a 2 to 3 foot cord, the 0.01 /iF capacitors at the 
inputs are necessary for stability. 

The diode provides a simple means for disabling this 
circuit during speakerphone operation. With "Shutoff" at 
ground, the amplifier is disabled. 
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Figure 3. Handset IViicrophone Circuit 
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Figure 4. Handset Receiver Circuit 
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Adding the Dialer 

The dialer is the MC145412 pulse/tone dialer with 10 
number memory. Since the pulse dialing function is not 
used, the MS pin is grounded and the OPL (Outpulsing) 
and TSO (Pacifier tone) outputs are not used. The circuit 
uses a standard 3.58 MHz crystal and standard 3 x 4 or 
4x4 keypads. 



vcc> 




TO LOGIC . 1 100 k 
CIRCUIT " 



Figure 5. Dialer Circuit 

Referring to Figure 5, the NPN transistor at Pin 12 
indicates the on-hook/off-hook status to the IC. Power 
for the dialer is VqC' diode connected with a memory 
sustaining battery. The DTMF output goes to Pin 7 (HTI) 
of the MC341 18, which is the summing junction of the 
first hybrid amplifier. The 82 k resistor, in conjunction 
with the 100 k feedback resistor on the amplifier, deter- 
mines the gain. With the values shown, the DTMF out- 
put at Tip and Ring is approximately 550 mVrms 
(-3dBm). To change the output level, vary the 82 k 
resist or appropriate ly. 

The Mute Output (MO) is active low, open drain and 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 
Switching the Circuit Around 

The logic functions involve: a) switching the circuit 
from handset mode to/from speakerphone mode, 
b) switching in and out of the dialing mode while in either 
handset or speakerphone mode and c) muting the two 
microphones for the "Privacy" function. Table 1 tabulates 
the requirements: 

Table 1. 



Function 


Handset 


Speakerphone 


Mike 


R'cvr 


Mike 


Speaker 


Handset Speech 
Handset Dialing 
Handset Mike Mute 

Speakerphone Speech 
Speakerphone Dialing 
Speakerphone Mike Mute 


On 
Off 
Off 

Off 
Off 
Off 


On 

Mute 

On 

Off 
Off 
Off 


Off 
Off 
Off 

On 
Off 
Off 


Off 
Off 
Off 

On 
Mute 
On 



In Table 1, "ON" means fully functional, "OFF" means 
non-functional and "MUTE" means partially muted (10 
to 20 dB). 



To provide the logic functions and with the intent of 
keeping the number of mechanical switches to a mini- 
mum and simplicity at an optimum, an MC14023 triple 
3-input CMOS NAND gate was used. See Figure 6. 
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Figure 6. Logic Circuit 



The inputs are the Mute Output (MO) from the dialer 
(described above), the Mike Mute switch and the Mode 
Select switch. The outputs are: 

1. An active low output which enables the MC34119 
speaker amplifier (at its Pin 1 ) and disables the hand- 
set receiver; 

2. An active high output which disables the speaker- 
phone microphone at the MC34118's Pin 12 (MUT); 

3. An active high output which disables the handset 
microphone; 

4. An active high output which partially mutes the 
receive path during dialing. The circuit which does 
the partial muting is shown in Figure 7. 
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Figure 7. Receive Path IVIuting 
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The muting circuit, consisting of the transistor and the 
3 k and 10 k resistors, is inserted in the line fronn the 
transformer to the filter. Normally the transistor is off and 
the 10 k resistor has little effect on the circuit due to the 
high input impedance of the filter (>200 kO @ 1 kHz). 
When Mute is asserted, the signal to the filter is muted 
by =12.7 dB. 

The l\/IC34118's Disable pin (Pin 3) is hard wired to 
ground since the MC34118 must be functional for both 
the speakerphone and handset modes. 

Adding the Tone Ringer 

The MC34017 tone ringer circuit, shown in Figure 8, Is 
added to the circuit by simply connecting it across Tip 
and Ring. It is not necessary to disconnect the tone ringer 
when off-hook. This circuit will provide a ringer with an 
REN of =1 and meet all the EIA-470 and Bell System 
requirements for impedance, anti-bell tapping and turn- 
on/off thresholds. 

Finally, the Complete Circuit 

The complete line-powered featurephone is shown in 
Figure 9. HS1 and HS2 are the two poles of the hook- 
switch activated by lifting the handset off-hook (HS2 is 
the Mode Select Switch of Figure 6). SSI is a single pole 
switch which, when closed (and the handset is on-hook), 
powers up the circuit Into the speakerphone mode. 
Should the handset be taken off-hook, the circuit reverts 
to the handset mode. 

The performance curves for the circuit are shown In 
Figures 10-15. The "Speaker Amp Max Output Swing" 
is the maximum rms voltage available across pins 5 and 
8 of the MC341 19 without noticeable clipping. The trans- 
mit gain tests involved replacing each microphone with 
a signal generator and adjusting for a level of approxi- 
mately -11 dBm at Tip and Ring into a 600 H resistive 
load. The receive tests involve applying approximately 
-27 dBm to Tip and Ring, and measuring the gain to the 
receiver or speaker. 



As can be seen in Figure 11, the maximum available 
speaker power is a function of the loop current since all 
of the speaker current must come from the loop. Con- 
sequently, the receive gain for the speakerphone 
(Figure 14) shows a marked decrease at low loop cur- 
rents. It must be remembered that in a line powered 
speakerphone, as the speaker draws current in response 
to a receive signal, the voltage at Tip and Ring decreases 
quickly. As Vqc falls with the Tip and Ring voltage, not 
only is the speaker amp's output capability reduced, but 
the MC34118's AGC circuit automatically reduces the 
receive gain as Vcc falls below 3.5 volts. This feature 
prevents slow oscillations (motor-boating) due to the 
speaker's current demands. A 25 fl speaker is recom- 
mended as this makes the best use of the power available 
from the phone line. A lower impedance speaker will 
require more current, causing Vcc to sag further for a 
given signal level. A higher impedance speaker draws 
less current, but produces less sound power. 

The slight degradation of DTMF levels in Figure 1 1 and 
in the transmit levels in Figure 12, at higher loop currents 
is a function of the transformer's performance at those 
current levels. 



Additionally, the following muting specs apply: 

1. Handset microphone: =^37 dB while dialing, in 
speakerphone mode, or when Mike mute switch is 
closed. 

2. Speakerphone microphone: >60 dB while dialing 
or due to Mike Mute switch, plus an additional 52 dB 
due to the MC341 18 switching to the receive mode. 
>60 dB while in the handset mode. 

3. Handset receiver: ==12.7 dB while dialing, =45 dB 
when in the speakerphone mode. 

4. Speaker: =12.7 dB while dialing, >100 dB when in 
handset mode. 
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Figure 8. Tone Ringer Circuit 
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Notes: 

1. These resistors depend on the specific microphone selected. 

2. These capacitors must be physically adjacent to the power supply pins. 

3. Recommended transformer: Stancor TTPC-13, Microtran T5115. 

4. HS = Handset Operated Hookswitch (2 poles), SS = Speakerphone Switch (1 pole). Switches shown on-hook. 

5. All capacitors in fiF unless otherwise noted. 

6. See Figures 10-15. 



Figure 9. Line-Powered Featurephone 
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Figure 10. Tip to Ring DC Voltage versus Loop Current 
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Figure 11. Speaker Amp. Output and DTMF Level 
versus Loop Current 
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Figure 13. Transmit Gain versus Frequency 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 



Figure 16 shows the circuit of Figure 9 modified for use 
with a +5 volt power supply. The only changes are at 
the Tip and Ring interface where the zener diode and 
bridge have been eliminated, but the two hook switches 
(HS and SS) require one more pole each. The transformer 
is used to pass the speech signals and to provide the 
required isolation. 

Current required from the +5 volt power supply is as 
follows: 

1. Handset speech mode: 6 mA. 

2. Handset dialing mode: 11 mA 

3. Speakerphone speech mode (no speech signals): 
9 mA. 

4. Speakerphone receive mode, -27 dBm at Tip and 
Ring: 51 mA. 

5. Speakerphone receive mode, -9 dBm at Tip and 
Ring: 100 mA. 

6. Speakerphone dialing mode: 19 mA. 

Items 4, 5 and 6 above were measured with a 25 n 
speaker and the volume control set to maximum. 



The performance characteristics are shown in Figures 
17-22. The Tip and Ring DC voltage (Figure 17) is now a 
function only of the transformer winding resistance and 
so is somewhat lower than in the previous circuit. 

The speakerphone performance (Figures 18 and 21) is 
now constant with respect to loop current since Vqc 's 
fixed. Performance at 20 mA is similar to that at higher 
loop currents, unlike the previous circuit. Although the 
speaker can be 25 H as in the previous circuit, it need not 
be since the available power is not limited as before. The 
recommended range for speaker impedance is 8-32 CI. 
For different speaker impedances, however, the gain of 
the speaker amplifier may have to be changed to com- 
pensate for the different power level. 

The slight degradation in the transmit curves at high 
loop currents is evident in Figures 18 and 19, as was in 
the previous circuit. 

The muting specs of the transmit and receive paths are 
the same for this circuit as for the previous one. 
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Notes: 

1. These resistors depend on the specific microphone selected. 

2. These capacitors must be physically adjacent to the power supply pins. 

3. Recommended transformer: Stancor TTPC-13, Microtran T5115. 

4. HS = Handset Operated Hookswitch (3 poles), SS = Speakerphone Switch (2 poles). Switches shown on-hook. 

5. All capacitors in ^F unless otherwise noted. 

6. See Figures 17-22. 

Figure 16. Featurephone With Power Supply 



MC34118 Featurephone With Power Supply 
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Figure 17. Tip to Ring DC Voltage versus Loop Current 
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Figure 18. Speaker Amp. Output and DTMF Level 
versus Loop Current 
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Figure 19. Transmit Gain versus Loop Current 
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Figure 20. Transmit Gain versus Frequency 
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Figure 22. Receive Gain versus Frequency 
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CONSTRUCTION HINTS 



Board Layout 

The filter capacitors for the speakerphone IC and the 
speaker amplifier IC (100 /xF and 1000 ^tF respectively) 
must be physically adjacent to the pins of the ICs, within 
1". This is especially important in the line-powered ver- 
sion, where Vcc varies with the speech Intensity. Since 
most of the current is used in the speaker amp, the PC 
board track leading to Pin 6 of the MC34119 should be 
laid out with care, preferrably close to the zener diode, 
or the power supply connector. The ground tracks should 
be as wide as possible, and laid out with care. 

RFI Interference 

Potential radio frequency Interference problems should 
be addressed early in the electrical and mechanical 
design of the speakerphone. RFI may enter the circuit 
through Tip and Ring, through the microphone wiring to 
the amplifiers, or through any of the PC board traces. The 
most sensitive pins on the MC341 18 are the inputs to the 
level detectors (RLI1, RLI2, TLI1 and TLI2) since, when 
there is no speech present, the inputs are high impedance 
and these op amps are in a near open loop condition. 
These board traces should be kept short and the resistor 
and capacitor for each input should be physically close 
to the pins. Other high impedance input pins (MCI, HTI, 
Fl and VLC) should be considered sensitive to RFI signals. 

The microphone wires within the handset cord can act 
as an antenna and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con- 
sisting of ferrite beads and small (0.001 fiF) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 

a. In the design of any speakerphone, acoustics are 
extremely important and must be considered from the 
very beginning. Building a breadboard and having the 
microphone and speaker "hanging out in mid air" simply 
will not work! One of the most difficult problems in a 
speakerphone design is acoustic feedback (the speaker 
talks to the microphone) which results either in oscilla- 
tions (2-10 kHz) or "motor-boating" (1-10 Hz switching). 
A properly designed enclosure for the finished product 
should provide at least 50 dB of acoustic loss (speaker 
voltage to microphone output voltage). The physical loca- 
tion of the microphone, along with the characteristics of 
the microphone, will play a large role in the quality of 
the transmitted sound. The microphone and speaker ven- 
dors can usually provide additional information on the 
use of their products. 

b. The quality of the speaker and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can improve the 
sound of the finished speakerphone. As a general rule, 
good electronics cannot compensate for poor acoustics 
and/or low speaker quality. 



In The Final Analysis . . . 

In the final analysis, the circuits shown in this appli- 
cation note will have to be "fine tuned" to match the 
acoustics of the enclosure and the specific microphone 
and speaker selected. The component values shown In 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at the microphones and speaker/ 
receiver amplifiers, respectively. The switching response 
of the speakerphone can then be fine tuned by varying 
(in small steps) the components at the level detector 
inputs until satisfactory operation is obtained for both 
long and short lines. The MC34118 data sheet should be 
consulted for additional speakerphone design theory. 



GLOSSARY 

Attenuation — A decrease in magnitude of a commu- 
nication signal, usually expressed in dB. 

Bandwidth — The range of information carrying fre- 
quencies of a communication system. 

C-Message filter — A frequency weighting which eval- 
uates the effects of noise on a typical subscriber's system. 
Central Office — Abbreviated CO, it is a main telephone 
office, usually within of a few miles of its subscribers, 
that houses switching gear for interconnection within its 
exchange area and to the rest of the telephone system. 
A typical CO can handle up to 1 0,000 subscriber numbers. 
dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 X log (P1/P2) fo'' power measurements and 

20 X log (V1/V2) for voltage measurements. 
dBm — An indication of signal power. 1 mW across 600 Cl, 
or 0.775 volts rms, is defined as dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 X log (Vrms/0.775), or 

dBm = [20 X log (Vrms)] + 2.22. 

dBmp — Indicates dBm measurement using a psopho- 
metric weighting filter. 

dBrn — Indicates a dBm measurement relative to 1 pW 
power level into 600 fl. Generally used for noise mea- 
surements, dBrn = -90 dBm. 

dBrnC — Indicates a dBrn measurement using a C- 
message weighting filter. 

dBrnCO — Noise measured in dBrnC referred to zero 
transmission level. 

DTMF — Dual Tone MultiFrequency. It Is the "tone dial- 
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num- 
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 
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Four wire circuit — The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally fronn the microphone) 
and one pair is for the Receive path (generally to the 
receiver). 

Full duplex — A transmission system which permits com- 
munication in both directions simultaneously. The stan- 
dard handset telephone is full duplex. 
Gain — The change in signal amplitude (increase or 
decrease) after passing through an amplifier or other cir- 
cuit stage. Usually expressed in dB, an increase is a pos- 
itive number and a decrease is a negative number. 
Half duplex —A transmission system which permits com- 
munication in one direction at a time. CB radios, with 
"push-to-talk" switches and voice activated speaker- 
phones, are half duplex. 

Hookswitch — A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 
Line length compensation — This is also referred to as 
loop compensation. It involves changing the gain of the 
transmit and receive paths, within a telephone, to com- 
pensate for different signal levels at the end of different 
line lengths. A short line (close to the CO) will attenuate 
signals less and therefore less gain is needed. Compen- 
sation circuits generally use the loop current as an indi- 
cation of the line length. 

Loop — The loop formed by the two subscriber wires 
(Tip and Ring) connected to the telephone at one end and 
the central office (or PBX) at the other end. Generally it 
is a floating system, not referred to ground, or ac power. 

Loop Current — The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mA. 

Off hook — The condition when the telephone is con- 
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On hook — The condition when the telephone is discon- 
nected from the phone system and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX — Private Automatic Branch Exchange. This is a 
customer owned switching system servicing the phones 
within a facility. It is in effect, a miniature central office. 
A portion of the PABX connects to the Bell (or other local) 
telephone system. 



Pulse dialing — A dialing system whereby the loop cur- 
rent is interrupted a number of times in quick succession. 
The number of interruptions corresponds to the number 
dialed and the interruption rate is typically 10 times per 
second. The old rotary phones and many new pushbutton 
phones, use pulse dialing. 

REN — Ringer Equivalence Number. This is an indication 
of the impedance, or loading factor, of a telephone bell 
or ringer circuit. A REN of 1 equals ~8 k ohms. The Bell 
system typically permits a maximum of 5 REN (1.6 kfl) 
on an individual subscriber line. A minimum REN of 0.2 
(40 kft) is required by the Bell system. 
Ring — This is one of the two wires connecting the central 
office to a telephone. The name derives from the ring 
portion of the plugs used by operators (in older equip- 
ment) to make the connection. Ring is traditionally neg- 
ative with respect to Tip. 

Sidetone — The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse- 
quence of the 2-to-4 wire conversion system. Sidetone 
was recognized by Alexander Graham Bell as being nec- 
essary for a person to be able to speak properly while 
using a handset. 

Speech network — A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally it provides sidetone control and 
in many cases, the dc loop current interface. 

Subscriber Line — This is the system consisting of the 
user's telephone, the interconnecting wires and the cen- 
tral office equipment dedicated to that subscriber. It is 
also referred to as a loop. 

Tip — One of the two wires connecting the central office 
to a telephone. The name derives from the tip of the plugs 
used by operators (in older equipment) to make the con- 
nection. Tip is traditionally positive with respect to Ring. 
Tone Ringer — The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 

Two wire circuit — Refers to the two wires connecting 
the central office to the subscriber's telephone. Com- 
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 
Voiceband — That portion of the audio frequency range 
used for transmission across the telephone system. Typ- 
ically it is 300-3400 Hz. 
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SUGGESTED VENDORS 



Microphones 

Primo Microphones Inc. 
Bensenville, III. 60106 
312-595-1022 
Model EM-60 



Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 



MURA Corp. 
Westbury, N.Y. 11590 
516-935-3640 
Model EC-983-7 



25 il Speakers 

Panasonic Industrial Co. 
Seacaucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 



Telecom Transfornners 

Microtran Co., Inc. 

ValleyStream, N.Y. 11528 

516-561-6050 

Various models — ask for 

catalog and applications 

Bulletin F232 



PREM Magnetics, Inc. 

McHenry, III. 60050 

815-385-2700 

Various models — ask for 

catalog 



Stancor Products 
Logansport, IN 46947 
219-722-2244 
Various models — ask 
for catalog 



Onan Power/Electronics 
Minneapolis, MN 55437 
612-921-5600 
Model TC 38-6 



Motorola Inc. does not endorse or warrant the suppliers referenced. 

Compliance with FCC or other regulatory agencies of the circuits 
described herein is not implied or guaranteed by Motorola. 
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A Handsfree Featurephone Design 
Using the IVIC34114 Speech Networic 
and the iViC34118 Speai<erphone ICs 



Prepared by 

Dennis Morgan 

Bipolar Analog IC Division 



INTRODUCTION 

This application note describes the procedure for com- 
bining the MC34114 speech network with the MC34118 
speakerphone circuit into a featurephone which includes 
the following functions: ten number memory pulse/tone 
dialer, tone ringer, a "Privacy" (Mike Mute) function and 
line length compensation for both handset and speaker- 
phone operation. 



Three circuits are developed in this discussion: a line- 
powered featurephone, a line-powered featurephone 
with a booster (for using the speakerphone on long lines), 
and one powered from a power supply. The circuits are 
nearly identical, except for the Tip and Ring interface. 
Their performance however, differs noticeably, particu- 
larly in the low loop current range. Initially, the discussion 
will focus on the line-powered circuit. 



RING 




RECEIVER 



NOTE: PIN NUMBERS IN PARENTHESES 
ARE FOR THE SOIC PACKAGE. 



Figure 1. MC34114 Block Diagram 
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DESCRIPTION OF THE BUILDING BLOCKS 

NOTE: Several pins on the ICs used In this application 
note have Identical nomenclature (Vco VB, TXI, MS, Vqd 
and RXI). They provide separate functions, and are not 
to be connected together unless so noted. 

MC34114 Speech Network 

The MC341 14 Is a speech network which Interfaces with 
Tip and Ring, and provides the 2-to-4 wire conversion 
(see Figure 1). The transmit gain is determined by the 
microphone amplifier (fixed gain of 30 dB), R6, C5, the 
internal current gains of A1, A2, the AGC, and the line 
impedance in parallel with R1. The receive gain is deter- 
mined by ZB, the internal current gains of A4 and the 
AGC, C8 and R8. The sidetone cancellation Is determined 
by A3 and the ZB network. The AGC points have a current 
gain of 1 at low loop current, and decrease to 0.5 (-6 
dB) at higher loop currents, thus providing line length 
compensation. R1 (typically 600 CL) sets the circuit's ter- 
mlnati ng imp edance for ac (return loss) purposes. 

The MUTE input (when low) disables the microphone 
amplifier, and partially mutes the receive amplifier (with 
an internal 1 k feedback resistor), when dialing. DTMF 
dialing signals are injected at TXI through R7 and C6. The 
Mode Select (MS) input (when low, and MT Is low) pro- 
vides a voltage boost at Vcc to ensure adequate voltage 
during DTMF dialing at low loop currents. The 3.3 volt 
regulated output (Vdd) powers the dialer, and the 1.7 
volt regulated output (VR) is used to bias the microphone. 



The dc characteristics at Tip and Ring are determined 
by the diode bridge (1.4 volts), a level shift of approxi- 
mately 2.9 volts from Vqc to LR, and the voltage across 
R2 + R3 (typically 43 £1 and 13 ft). All the loop current, 
minus «10 mA, flows through those two resistors. The 
level s hift (VcC""l-R) increases to —3.9 volts when both 
MUTE and MS are low (tone dialing mode). The voltage 
at RAGC, when within the range of 0.5 to 1 volt, controls 
the internal AGC as a function of loop current. 

MC34118 Speakerphone 

The MC34118 speakerphone IC (see Figure 2) provides 
all the necessary functions for a complete speakerphone 
circuit in a single integrated circuit. Included are the trans- 
mit and receive attenuators, which operate in a comple- 
mentary manner, to provide the necessary half-duplex 
function. The four level detectors. In conjunction with the 
two background noise monitors and control algorithm, 
provide a four point sensing and decision making system 
to control the attenuators based on the levels and timing 
of the transmit and receive signals. Additional functions 
include the microphone amplifier, a Mute input for the 
microphone amplifier, volume control for the receive 
path, a filter, and a Chip Disable pin. The gain of the 
receive attenuator, normally +6 dB at max. volume, is 
reduced by the AGC circuit as Vqc falls below 3.5 volts 
to control the amount of voltage sag in a line powered 
application. The component values shown are typical. 

Connections to the MC341 1 8 circuit are made to several 
points around the circuit as follows: 
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Figure 2. MC34118 Block Diagram 
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The TRANSMIT OUTPUT (upper right) connects to the 
4 wire side of the speech network. The transmit gain, 
from the microphone to TRANSIVIIT OUTPUT, is +37 dB 
( + 31 dB in the mike amp, +6 dB in the Tx attenuator), 
and does not vary with the volume control. In the receive 
mode, the transmit gain is ~ - 15 dB. 

The RECEIVE INPUT (lower right) is derived from the 
4 wire side of the speech network. The gain from RXI to 
RXO is +6 dB when in the receive mode at maximum 
volume. At minimum volume, the attenuator's gain 
reduces by =46 dB, for an overall gain of -40 dB. In the 
transmit mode, the gain is ~-46 dB. Pins 22 (Receive 
out) and 20 (Receive level detector input) connect to the 
external speaker amplifier (MC341 19). 

The overall speakerphone's transmit and receive gains 
to and from Tip and Ring are adjusted at the mike and 
speaker amplifier and at the 4-wire interface. 

The MIKE M UTE input disa bles the mike amplifier when 
at a logic high. Chip Disable disables the MC341 18 when 
at a logic high, reducing the MC34118's supply current 
from a normal ==5.5 mA to ~600 iiA. 

The two op amps (pins 5, 6, 7) are available for a variety 
of uses. Figure 23 of the MC34118 data sheet, for exam- 
ple, indicates their use with a transformer to form a stand- 
alone speakerphone. Later in this application note how- 
ever, they will be used with the MC34114 as part of the 
receive path. 

Vcc (P'l^ 4) is the power supply input, requiring 3 - 
6.5 volts @ ===5.5 mA. The 100 /xF capacitor must be phys- 
ically adjacent to pin 4 in the board layout to prevent 
oscillations. 

VB is the ac ground for the IC, and must be well filtered, 
as shown. 

MC341 19 Speaker Amplifier 

The MC341 19 (Figure 3) is a 400 mW speaker amplifier, 
capable of 500 mW peaks. With a supply voltage range 
down to 2 volts, it is well suited for speakerphone appli- 
cations. The gain is adjustable from less than dB (it is 
unity gain stable) to a maximum of —46 dB to cover the 
voiceband. It provides a differential output to the speaker, 
eliminating the bulky series capacitor normally needed 
with single-ended outputs. Additionally, the device has 
a Chip Disable pin which, when taken high, sets the out- 
puts to a high impedance state. 




♦OPTIONAL - FOR IMPROVED POWER SUPPLY REJECTION -L. 

DIFFERENTIAL GAIN - 2 x - 



The dc supply at Vqc r^^st be well filtered to prevent 
oscillations when the speaker amplifier is operating. In a 
typical line powered circuit, an inductor (1H) is used, in 
conjunction with a 1000 /xF capacitor at VqC' to filter the 
voltage derived from the loop current. Capacitors CI and 
C2 shown in Figure 3 are not used in this application. 
Instead, bias is provided to Pin 3 from the MC341 1 8's VB 
pin. 

MCI 4541 2 Dialer 

The dialer is a pulse/tone dialer with 10 number mem- 
ory, including last number redial (Figure 4). The pulse/ 
tone functions are selectable at Pin 10 (MS). The circuit 
uses a standard 3.58 MHz crystal, and a standard 3x4 or 
4x4 keypad. 
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Figure 3. Speaker Amplifier 



Figure 4. Pulse/Tone Dialer 

The NPN transistor at Pin 12 indicates the on-hook/off- 
hook status to the IC. Power for the dialer is the 
MC341 14's Vdd (3.3 volts), diode connected with a mem- 
ory sustaining battery. The DTMF output goes to C6/R7 
of Fig ure 1 . 

The OPL (OUTPULSING) pin is used to interrupt the 
loop current when pulse dialing. The pin is an active low 
open drain. TSO (Tone Signal Output) provides a 500 Hz 
pacifier tone during pulse dialing. The tone is a square 
wave, which swing f rom Vdd to Vss- 

The Mute Output (MO) is active low, open drain and 
pulls to ground while dialing. It is used to mute the speech 
paths during dialing. 



SWITCHING THE CIRCUIT AROUND 

The logic functions involve: a) switching the circuit 
from handset mode to and from speakerphone mode, 
b) switching in and out of either dialing mode while in 
either handset or speakerphone mode, and c) muting the 
two microphones for the "Privacy" function. Table 1 tab- 
ulates the fundamental requirements applicable to any 
featurephone: 
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Table 1. 



Function 


HANDSET 


SPEAKERPHONE 


Mike 


R'cvr 


Mike 


Speaker 


Handset Speech 
Handset Dialing 
Handset Mike Mute 

Speakerphone Speech 
Speakerphone Dialing 
Speakerphone Mike Mute 


On 
Off 
Off 

Off 
Off 
Off 


On 

Mute 

On 

Off 
Off 
Off 


Off 
Off 
Off 

On 
Off 
Off 


Off 
Off 
Off 

On 

Mute 

On 



In Table 1, "ON" means fully functional, "OFF" means 
non-functional, and "MUTE" means partially muted (10 
to 20 dB). To apply Table 1 to the specific ICs described 
previously, the requirements are expanded in Table 2: 



Table 2. 



Function 


MC34114 


MC34118 


MC34119 
CD 


Loop 
Current 


MC145412 
MS 


MT 


MS 


CD 


MUT 


Handset Speech 
Handset Pulse Dialing 
Handset Tone Dialing 
Handset Mike Mute 


Hi 
Lo 
Lo 
Lo 


X 
Hi 
Lo 
X 


Hi 
Hi 
Hi 
Hi 


X 
X 
X 
X 


Hi 
Hi 
Hi 
Hi 


ThruMC34114 
ThruMC34114 
ThruMC34114 
ThruMC34114 


X 

Open 

Gnd 

X 


Speakerphone Speech 
Speakerphone Pulse Dialing 
Speakerphone Tone Dialing 
Speakerphone Mike Mute 


Lo 
Lo 
Lo 
Lo 


X 

Hi 
Lo 
X 


Lo 
Lo 
Lo 
Lo 


Lo 
Hi 
Hi 
Hi 


Lo 
Lo 
Lo 
Lo 


ToMC34119 
ToMC34119 
TOMC34119 
To MC34119 


X 

Open 

Gnd 

X 



X = Don't Care 

A summary of Table 2 is: 

a) The MC34114 speech network is put into the Mute 
mode (MT = Lo) not only for dialing, but also to mute 
the microphone and receiver for the Privacy function 
(Mike Mute), and when in the speakerphone mode. 

b) The MC34118 and MC34119 are disabled for all the 
handset functions, and enabled for all the speaker- 
phone functions. 

c) The MC34118's Mike Mute function is activated for 
dialing and for the Privacy function. 

d) The loop current, which normally flows through the 
LR pin of the MC34114 (see Figure 1), is directed 
instead to the MC341 19 in the speakerphone mode so 
as to make the power available to the speaker. 

d) The MS pins of the dialer and of the MC34114, are 
significant only during dialing. 



PUTTING IT ALL TOGETHER 

Switching Between Handset and Speakerphone Modes 

To switch between modes, two actions are necessary: 
1) Divert the excess loop current, which normally flows 
through the MC34114, to the MC34119 during speaker- 
phone mode, and 2) enable and disable the speech net- 
work and speakerphone circuits appropriately. The circuit 
of Figure 5 fullfills those requirements: 

HS (3 poles) is the hookswitch operated by lifting the 
handset. SS (1 pole) activates the speakerphone when 
the handset is on-hook. The switches are shown on-hook 
in Figure 5. 
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Figure 5. Switching Between Modes 
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If the handset is on-hook, and switch SSI is closed 
(speakerphone mode), the MC34114 uses —10 mA inter- 
nally, but the excess loop current flows through the 1 
Henry choke, the zener diode and the 13 fl resistor. The 
voltage across the 13 H resistor controls the line length 
compensation function of the MC34114. The MC34118 
and MC34119's CD pins are held low by HS3, enabling 
the speakerphone circuit. The MC341 14's MT is low, mut- 
ing its microphone and receive amplifiers. If the handset 
is lifted while the speakerphone is in operation, the circuit 
automatically switches to the handset mode. 

When the handset is lifted (HS transfers), the MC341 14 
consumes ~1 mA internally, but the excess loop current 
now flows through the MC34114, out of the LR pin and 
through the 43 O, and 13 fl resistors. The voltage across 
the 13 n resistor still controls the line length compen- 
sation. This configuration is similar to that of Figure 1. 
Since the MC34118 and MC34119 are disabled (their CD 
pins are pulled high), their current consumption is 
reduced to <1 mA. 



Joining the Receive Paths 

Referring to Figure 1 , receive signals arriving at Tip and 
Ring generate a current through the ZB network, into pin 
15. That current is modified by A4 and the AGC, made 
available (as a current) at RXA, and coupled to RXI, where 
it is converted to a voltage by the receive amplifiers and 
R8. The ZB network is typically 12 kft, and R8 is typically 
3.9 kft. The receive gain to the handset receiver is there- 
fore nominally -10 dB at low loop currents. 

To feed the receive signals to the speakerphone, the 
circuit of Figure 6 is used. 
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Figure 6. Joining the Receive Paths 

The current out of RXA is now split by the 1 kO resistors 
so that approximately half goes to RXI (of the MC341 14) 
via C8, and the other half is converted to a voltage (by 
the op amp) for the speakerphone's Receive Input (Figure 
2). The second op-amp (at HTO + ) is unused in this appli- 
cation. The receive gain for the speakerphone (from Tip/ 
Ring to the speaker) is determined by the following 
equation: 



Grx = 20 log 



fRRSpxA4xAGC 



ZB + 500 



3C X 0.5 \ 



+ 6dB 



+ 20 log 



m 



The terms A4, ZB, and AGC (from Figure 1) are set at 
0.5, 12 kn, and 1 respectively for low loop currents. The 
0.5 in the first term is due to the current splitting of 
Figure 6. The +6dB isthegain of the MC34118's receive 
attenuator at maximum volume. The third term is the 
gain of the speaker amplifier. 

It is desirable to have as much gain as possible early 
in the receive path to minimize the effects of noise gen- 
erated or picked up by the circuit. Since the maximum 
allowable input at RXI is 350 mVrms, a gain of 3.5 
(10.9 dB) was chosen for the first term above, in order 
to accommodate receive signals of 100 mVrms 
(-17.8 dBm) at Tip and Ring. Rrsp calculates to 
approximately 160 kfl. For an overall gain of ~ + 30 dB, 
Rf/Ri must be —2.2. At higher loop currents, the overall 
gain will be « + 24dB, due to the line length compen- 
sation function. 

Joining the Transmit Paths 

In the transmit path of Figure 1 , the microphone signals 
are gained up by 30 dB by the mike amplifier. The output 
at MCO creates a current into TXI through R6 and C5. 
That current is gained up by 100 by A1 and A2 (assume 
AGC = 1), and A2's output current then acts on the par- 
allel combination of R1 and the line's ac impedance. Typ- 
ical values are: R6 = 15 kfl, R1 = 600 CI, and 600 O, for 
the line's impedance. Neglecting the slight loading of R7, 
R12, and ZB, the overall handset transmit gain is 
~ + 36 dB at low loop currents. 
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Figure 7. Joining the Transmit Paths 

The transmit output from the speakerphone circuit 
(Figure 2) is applied to the speech network at TXI in 
Figure 1, through a resistor (RjSP) 3"^ a coupling 
capacitor (see Figure 7). For a nominal gain +40 dB 
(from the microphone to the MC34114's Vqc)' ^TSP 
calculates to be ~^^ kO. The coupling capacitor (typi- 
cally 0.1 fjif) can be adjusted to set the low frequency 
rolloff. 

Fitting in the Dialer 

The DTMF output in Figure 4 is simply connected to 
C6 and R7 of Figure 1 to get the DTMF signals to Tip and 
Ring. Using 20 ka for R7, and 0.1 /aF for C6, DTMF levels 
of =-2.2 dBm will result at Tip and Ring at low loop 
currents. 
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Figure 8. Pulse Dialing Circuit 



For pulse dialing, Pin 17 of the MC145412 dialer (OPL) 
is connected to a standard two transistor network to inter- 
rupt the loop current (Figure 8). The 12 volt zener diode 
protects the circuitry from voltage spikes during pulse 
dialing (and whenever a hook switch is opened). 

The TSO output (pacifier tone), which is generated only 
when a keypad button is depressed in the pulse dialing 
mode, is injected to the MC34114's ZB pin so as to make 
it available to both the handset receiver and the speaker- 
phone. This tone is not generated during DTMF dialing. 

To select between pulse and tone dialing modes, the 
switch on the dialer's Pin 10 (Figure 4) is connected to 
the MC34114's MS pin (Pin 16). Since the MC34114's MS 
pin requires a pull-up resistor for a logic high, a diode 
must be added (Figure 8) so the dialer's MS pin is open 
when the switch is in the pulse position. 
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Mutin g and Privacy 

The Mute Output of Figure 4 must mute (by at least 
45 dB) both microphone paths, and partially mute 
(10-20 dB) both receive paths during dialing. The pri- 
vacy (Mike Mute) function requires muting the micro- 
phones only by at least 55 dB. This is accomplished 
with the circuit of Figure 9 using an MC14023 CMOS 
triple NAND g ate. The inputs to the logic circuit are the 
Mute Output (MO) from the dialer, the Mike Mute (Pri- 
vacy) switch and the speakerphone/handset mode 
select switch HS3 (same as that of Figure 5). The out- 
puts are to the speakerphone's receive path, the 
MC34114's Mute (which mutes both its transmit and 
receive paths), the speakerphone's microphone, and to 
the speakerphone and speaker amp's CD pins. The 
MC14023 is powered by the MC34114's N/qd output. 

The circuit of Figure 9 will: 

a) Mute the receiver and speaker and disable both 
microphones during dialing; 

b) Disable both microphones when the Privacy switch 
is closed; 

c) Enable either the MC34114 or the MC34118/ 
MC34119 combination in response to the Mode Select 
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Figure 9. Muting Circuit 



Figure 10. Receive Path Muting 
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Figure 11. Tone Ringer Circuit 



Switch. HS3 is shown on-hook in Figure 9, which enables 
the speakerphone when SSI of Figure 5 is closed. (Note: 
In Figure 5, HS3 is shown controlling the MC34114's MT 
pin directly. In Figure 9 the same funttion is achieved 
through the NAND gate). 

Muting of the speakerphone's receive path (from the 
above circuit) is accomplished with the circuit of Figure 
10. The muting is inserted in the speakerphone's 
receive path leading to the filter. Normally, the transis- 
tor is off and the 10 k resistor has little effect on the 
circuit due to the filter's high input impedance (>200 
kn @ 1 kHz). When Mute is asserted, the signal to the 
filter is muted by «20 dB. 

Adding the Tone Ringer 

The MC34017 tone ringer circuit, shown in Figure 11, 
is simply connected directly across Tip and Ring. It is not 
necessary to disconnect the tone ringer when off-hook. 
This circuit will provide a ringer with an REN of «0.5, and 
meet all the EIA-470-A and Bell system requirements for 
impedance, anti-bell tapping and turn-on/off thresholds. 

Finally, the Complete Circuit 

The complete line-powered featurephone is shown in 
Figure 12. Some notes concerning this circuit: 

a) The resistor and capacitor (R6/C5 shown in Figure 
1) between MCO and TXI of the MC34114 was replaced 
with the network of Figure 12 to provide high frequency 
roll off. 

b) The 13 H resistor normally spec'd for R3 of the 
MC34114 (and shown in Figure 5) was increased to 18 ft 
to decrease the point at which line length compensation 
begins. 

c) A 470 /iF capacitor was added across the ISO resis- 
tor to suppress interaction which occurs between the line 
length compensation function of the MC34114 and the 
AGO function of the MC34118. 

d) The dc resistance of the 1 Henry inductor must be 
kept below 50 Cl to keep the dc voltage at Tip and Ring 
and at the MC341 14's Vcc pin within safe bounds at both 
low and high loop current values. 



The performance curves for this circuit are shown in 
Figures 13-18. The "Speaker Amp Max Output Swing" 
is the maximum rms voltage available at the speaker 
terminals. The transmit gain tests involved replacing 
each microphone with a signal generator and adjusting 
for a level of approximately -11 dBm at Tip and Ring 
into a 600 n resistive load. The receive tests involve 
applying approximately -27 dB to Tip and Ring, and 
measuring the gain to the receiver or speaker. 

As can be seen in Figure 14, the maximum available 
speaker power is a function of the loop current since all 
of the speaker current must come from the loop. Con- 
sequently, the receive gain for the speakerphone (Figure 
17) shows a marked decrease at low loop currents. It must 
be remembered that in a line powered speakerphone, as 
the speaker draws current in response to a receive signal, 
the voltage at Tip and Ring decreases quickly. As the Vqc 
at the MC34119 falls with the Tip and Ring voltage, the 
speaker amp's output capability is reduced. Conse- 
quently, a 25 n speaker is recommended for a line pow- 
ered speakerphone as this makes the best use of the 
power available from the phone line. A lower impedance 
speaker will require more current, causing V+ to sag 
further for a given signal level. A higher impedance 
speaker draws less current, but produces less sound 
power. 

Additionally, the following muting specs apply: 

1) Handset microphone: >70 dB while dialing, or 
when Mike mute switch is closed. 80 dB in speaker- 
phone mode. 

2) Speakerphone microphone: >90 dB while dialing, 
in the handset mode, or when the Mike mute switch 
is closed. 

3) Handset receiver: ~17 dB while dialing, or when in 
the speakerphone mode. 

4) Speaker: «20 dB while dialing, >100 dB when in 
handset mode. 
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Notes: 

1) HS = Handset operated switch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole, 
Switches shown in on-hook position. 

2) Microphone biasing resistor values 
depend on the specific microphone. 

3) All diodes 1N4002. 
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Figure 12. Pulse/Tone Featurephone w/Memory — Line Powered 



MC34114/MC34118 Line Powered Featurephone 
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Figure 14. Speal<er Amplifier Output and DTMF Level 
versus Loop Current 
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Figure 15. Transmit Gain versus Loop Current 
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Figure 16. Transmit Gain versus Frequency 
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Figure 18. Receive Gain versus Frequency 
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BOOSTING THE SPEAKERPHONE AT 
LOW LOOP CURRENTS 

Adding a Booster 

To improve the performance of the speakerphone at 
low loop currents (below 40 mA), a minimal cost 
approach is to add an optional booster to the power 
supply portion of the MC34119. The approach in this 
application note is to use a wall mount transformer, 
similar to calculator chargers. A 6 volt ac Adapter, Radio 
Shack model #273-1454A, which contains the diode 
bridge and filter capacitor, was used to minimize the 
additional circuitry within the speakerphone itself. 
Since this particular ac adapter is specified for use with 
Radio Shack's speakerphones, it is this author's 
assumption that it complies with applicable FCC spec- 
ifications, although that is not so stated on the 
transformer. 
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Figure 19. Adding a Speakerphone Booster 



This application does not require a regulated voltage 
from the ac adapter, which further simplifies the design. 
The circuit of Figure 19 adds the ac adapter to the circuit 
of Figure 12. 

The power supply connector is added to the MC34119 
Vcc P'"/ and diode connected to the system's 5.1 volt 
zener diode of Figure 12. Pin 3 of the MC34119, which 
previously had been connected to the VB bias line of the 
MC341 18, now is biased from an internal circuit. The 1 ^tF 
capacitors on pins 2 and 3 provide power supply noise 
and ripple rejection. 

On long lines, where the system Vqc tends to sag easily 
in the presence of receive signals, the booster provides 
the current to the speaker amplifier. The system VqC' 'r> 
turn, does not sag, but remains at a stable and consistent 
level over all values of loop current. 

Without the adapter plugged in, the circuit will act sim- 
ilar to that of Figure 12. In the handset mode, the circuit 
characteristics are the same as that of Figure 12 when it 
is in the handset mode. 

The Complete Circuit with the Booster 

The complete circuit is shown in Figure 20. A quick 
comparison shows it is identical to that of Figure 12, 
except for the booster section in the lower left hand 
corner. The performance curves for this circuit are 
shown in Figures 21-26. As can be seen in Figures 22, 
23 and 25, the speakerphone's performance does not 
degrade below 40 mA as had happened in Figures 14, 
15 and 17. The muting specs forthis circuit are the same 
as for Figure 12. 

The current required from the booster varies from 
~3 mA (no receive signal) to -120 mA with a -15 dBm 
signal at Tip and Ring. 
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Notes: 

1) HS = Handset operated switch — 3 poles. 
SS = Speakerphone on/off switch — 1 pole. 
Switches shown in on-hook position. 

2) Microphone biasing resistor values 
depend on the specific microphone. 

3) All diodes 1N4002. 
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Figure 20. Pulse/Tone Featurephone w/Memory — Line Powered w/Booster 
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Figure 21. Tip to Ring DC Voltage versus Loop Current 
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Figure 22. Spealcer Amplifier Output and DTMF Level 
versus Loop Current 
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Figure 23. Transmit Gain versus Loop Current 
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Figure 24. Transmit Gain versus Frequency 
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Figure 25. Receive Gain versus Loop Current 



Figure 26. Receive Gain versus Frequency 
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USING A POWER SUPPLY INSTEAD OF 
LINE POWER 



Using A Transformer 

For those cases where it is desirable to power the fea- 
turephone from a regulated power supply, rather than 
from loop current, a transformer is required at Tip and 
Ring to provide the isolation needed between the phone 
line and any ac power and earth ground. The primary 
change to the circuit of Figure 12 is in the area of the Tip 
and Ring interface, as shown in Figure 27. It must be 
remembered that loop length compensation is not pos- 
sible in this circuit since the loop current is not monitored. 
The MC34114's RAGC pin is grounded in this circuit, set- 
ting the transmit and receive gains to maximum. 
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'T 1N4742 
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Figure 27. Tip/Ring Interface with a Power Supply 

The +6 volt supply powers the MC341 14 through the 
transformer winding. In this manner the speech signals 
are coupled between the MC34114 and Tip and Ring. 
The two diodes provide transient clamping, as does the 
12 volt zener diode. The MC34118 and MC34119 are 
powered directly from the +6 volt supply, eliminating 
the need for the 1 H choke. The SS switch (speakerphone 
on/off) requires one more pole, as shown in Figure 27. 
The tolerance on the +6 volt supply is ±0.5 volt. 

Changes in the Switching and the Dialer 

The use of a power supply simplifies the selection of 
handset versus speakerphone mode of operation. The 
diversion of the excess loop current is not an issue in this 
circuit, so the switching of that current is eliminated, 
along with 5.1 volt zener diode. 

Because of the isolation requirement, the MC145412 
dialer requires a relay to break the loop current during 
pulse dialing. Figure 28 depicts this circuit. 

The relay is normally off, and energized only for the 
pulse dialing function. The 1 fxF capacitor (rated 250 volts 
min., NPO) helps absorb the transients generated during 
pulse dialing. 
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Figure 28. Pulse Dialer Circuit 



The Complete Circuit with the Power Supply 

The complete circuit is shown in Figure 29. The per- 
formance curves are shown in Figures 30-35. The Tip to 
Ring dc voltage (Figure 30), determined solely by the dc 
resistance of the transformer winding, is somewhat lower 
than in the previous circuits at low loop currents. Figures 
31, 32, and 34 show the performance is fairly constant 
with loop current, except for a slight reduction in gain at 
the higher currents. This is due to the characteristics of 
the transformer used in developing this circuit (model 
#TTPC-13 from Stancor, Inc.). Also noticeable in the 
curves, compared to Figures 13-18 and 21-26, is the lack 
of loop length compensation — a natural consequence 
of this type of circuit. 

The muting specifications for this circuit are the same 
as for the line powered circuit. The current required from 
the -f-6 volt power supply is as follows: 

a) Handset mode: «13 mA. 

b) Speakerphone mode (no sound at the speaker): 
«24 mA. 

c) Speakerphone mode (max. volume at the speaker): 
-144 mA. 

Although Figure 29 indicates the use of a 25 ohm 
speaker, any impedance speaker within the range of 8 to 
50 n can be used, since this circuit is not line powered. 
The receive gain may have to be adjusted, however, if a 
different, speaker is used. 
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Notes: Voq- 

1) HS = Handset operated hookswitch — 3 poles. 
SS = Speakerphone on/off switch — 2 poles. 
Switches shown in on-hook position. 

2) Microphone biasing resistor values 
depend on the specific microphone 

3) All diodes 1N4002. 
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Figure 29. Pulse/Tone Featurephone w/Memory — Powered From a Power Supply 



MC34114/MC34118 Featurephone w/Power Supply 
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Figure 30. Tip to Ring DC Voltage versus Loop Current 
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Figure 31. Speaker Amplifier Output and DTMF Level 
versus Loop Current 
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Figure 32. Transmit Gain versus Loop Current 
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Figure 33. Transmit Gain versus Frequency 
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Figure 34. Receive Gain versus Loop Current 
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Figure 35. Receive Gain versus Frequency 
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CONSTRUCTION HINTS 



Board Layout 

The filter capacitor for the speakerphone IC and for the 
speal<er amp (typically 100 fif and 1000 /xF respectively) 
must be physically adjacent to the ICs, within 1". This is 
particularly important in the line-powered versions, 
where Vcc can vary with the speech intensity. Since most 
of the current is used in the speaker amplifier, the PC 
board track leading to Pin 6 of the MC34119 should be 
laid out with care, preferably close to the zener diode, or 
the power supply connector. The ground tracks should 
be as wide as possible, and laid out with care. 

EMI Susceptibility 

Potential EMI susceptibility problems should be 
addressed early in the electrical and mechanical design 
of the speakerphone. EMI may enter the circuit through 
Tip and Ring, through the microphone wiring to the 
amplifiers, or through any of the PC board traces. The 
most sensitive pins on the MC341 18 are the inputs to the 
level detectors (RLI1, RLI2, TLI1, and TLI2) since, when 
there is no speech present, the inputs are high impedance 
and these op amps are in a near open loop condition. 
These board traces should be kept short, and the resistor 
and capacitor for each input should be physically close 
to the pins. Other high impedance input pins (MCI, VLC, 
HTI, Fl) should be considered sensitive to EMI signals. 

The microphone wires within the handset cord can act 
as an antenna, and pick up nearby radio stations. If this 
is a problem in the final design, adding RF filters (con- 
sisting of ferrite beads and small (0.001 /jlF) ceramic 
capacitors) to the PC board where the wires attach to the 
board can generally reduce the problem. 

Acoustics 

a) In the design of any speakerphone, acoustics are 
extremely important, and must be considered from the 
very beginning. Building a breadboard with the micro- 
phone and speaker "hanging out in mid air" simply will 
not work!!! One of the most common problems in a 
speakerphone design is acoustic feedback (the speaker 
is closely coupled to the microphone) which results either 
in oscillations (2-10 kHz) or "motor-boating" (1-10 Hz 
switching). A properly designed enclosure for the fin- 
ished product should provide at least 50 dB of acoustic 
loss (speaker drive voltage to microphone output volt- 
age). The physical location of the microphone, along with 
its characteristics, will play a large role in the quality of 
the transmitted sound. The microphone and speaker ven- 
dors can usually provide additional information on the 
use of their products. 

b) The quality of the speaker, and the acoustic cavity 
in which it resides, have a major impact on the quality 
of the sound. A little time spent here can go a long way 
towards improving the sound of the finished speaker- 
phone. As a general rule, good electronics cannot com- 
pensate for poor acoustics and/or low speaker quality. 

In the Final Analysis . . . 

In the final analysis, the circuits shown in this appli- 
cation note will have to be "fined tuned" to match the 
acoustics of the enclosure, and the specific microphone 



and speaker selected. The component values shown in 
this application note should be considered as starting 
points only. The gains of the transmit and receive paths 
are easily adjusted at key points in the circuits (see appro- 
priate text). The switching response of the speakerphone 
can then be fine tuned by varying (in small steps) the 
components at the level detector inputs until satisfactory 
operation is obtained for both long and short lines. The 
references can be consulted for additional speakerphone 
design theory. 



GLOSSARY 

Attenuation — A decrease in magnitude of a commu- 
nication signal, usually expressed in dB. 
Bandwidth — The range of information carrying fre- 
quencies of a communication system. 
C-Message Filter — A frequency weighting which eval- 
uates the effects of noise on a typical subscriber's system. 

Central Office — Abbreviated CO, it is a main telephone 
office, usually within a few miles of its subscribers, that 
houses switching gear for interconnection within its 
exchange area, and to the rest of the telephone system. 
Atypical CO can handle up to 1 0,000 subscriber numbers. 
dB — A power or voltage measurement unit, referred to 
another power or voltage. It is generally computed as: 

10 x log (P1/P2) fo'' power measurements, and 

20 X log (V1/V2) for voltage measurements. 
dBm — An indication of signal power. 1 mW across 600 H, 
or 0.775 volts rms, is defined as dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 X log (Vrms/0.775), or 

dBm = [20 X log (Vrms)] -f- 2.22. 

dBmp — Indicates dBm measurement using a psopho- 
metric weighting filter. 

dBrn — Indicates a dBm measurement relative to 1 pW 
power level into 600 H. Generally used for noise mea- 
surements, dBrn = -90 dBm. 

dBrnC — Indicates a dBrn measurement using a C- 
message weighting filter. 

dBrnCO — Noise measured in dBrnC referred to zero 
transmission level. 

DTMF — Dual Tone Multi-Frequency. It is the "tone dial- 
ing" system based on outputting two non-harmonic 
related frequencies simultaneously to identify the num- 
ber dialed. Eight frequencies have been assigned to the 
four rows and four columns of a typical keypad. 
Four Wire Circuit — The portion of a telephone, or central 
office, which operates on two pairs of wires. One pair is 
for the Transmit path (generally from the microphone), 
and one pair is for the Receive path (generally to the 
receiver). 

Full Duplex — A transmission system which permits com- 
munication in both directions simultaneously. The stan- 
dard handset telephone is full duplex. 
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Gain — The change in signal amplitude (increase or 
decrease) after passing through an amplifier, or other 
circuit stage. Usually expressed in dB, an increase is a 
positive number, and a decrease is a negative number. 
Half Duplex — A transmission system which permits 
communication in one direction at a time. CB radios, with 
"push-to-talk" switches, and voice activated speaker- 
phones, are half duplex. 

Hookswitch — A switch which connects the telephone 
circuit to the subscriber loop. The name derives from old 
telephones where the switch was activated by lifting the 
receiver off and onto a hook on the side of the phone. 
Line Length Compensation — Also referred to as loop 
compensation, it involves changing the gain of the trans- 
mit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line 
lengths. A short line (close to the CO) will attenuate sig- 
nals less, and therefore less gain is needed. Compen- 
sation circuits generally use the loop current as an indi- 
cation of the line length. 

Loop — The loop formed by the two subcriber wires (Tip 
and Ring) connected to the telephone at one end, and 
the central office (or PBX) at the other end. Generally it 
is a floating system, not referred to ground, or ac power. 
Loop Current — The dc current which flows through the 
subscriber loop. Typically provided by the central office 
or PBX, it ranges from 20 to 120 mA. 

Off Hook — The condition when the telephone is con- 
nected to the phone system, permitting the loop current 
to flow. The central office detects the dc current as an 
indication that the phone is busy. 

On Hook — The condition when the telephone is discon- 
nected from the phone system, and no dc loop current 
flows. The central office regards an on-hook phone as 
available for ringing. 

PABX — Private Automatic Branch Exchange. In effect, a 
miniature central office, it is a customer owned switching 
system servicing the phones within a facility, such as an 
office building. A portion of the PABX connects to the 
Bell (or other local) telephone system. 
Pulse Dialing — A dialing system whereby the loop 
current is interrupted a number of times in quick 
succession. The number of interruptions corresponds 
to the number dialed, and the interruption rate is typ- 
ically 10 times per second. The old rotary phones, and 
many new pushbutton phones, use pulse dialing. 



REN — Ringer Equivalence Number. An indication of the 
impedance, or loading factor, of a telephone bell or ringer 
circuit. An REN of 1 equals «8 k ohms. The Bell system 
typically permits a maximum of 5 REN (1.6 kfl) on an 
individual subscriber line. A minimum REN of 0.2 (40 kfl) 
is required by the Bell system. 

Ring — One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion 
of the plugs used by operators (in older equipment) to 
make the connection. Ring is traditionally negative with 
respect to Tip. 

Sidetone — The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural conse- 
quence of the 2-to-4 wire conversion system. Sidetone 
was recognized by Alexander Graham Bell as necessary 
for a person to be able to speak properly while using a 
handset. 

Speech Network — A circuit which provides 2-to-4 wire 
conversion, i.e. connects the microphone and receiver 
(or the transmit and receive paths) to the Tip and Ring 
phone lines. Additionally it provides sidetone control, 
and in many cases, the dc loop current interface. 
Subscriber Line — The system consisting of the user's 
telephone, the interconnecting wires, and the central 
office equipment dedicated to that subscriber (also 
referred to as a loop). 

Tip '^ One of the two wires connecting to the central 
office to a telephone. The name derives from the tip of 
the plugs used by operators (in older equipment) to make 
the connection. Tip is traditionally positive with respect 
to Ring, 

Tone Ringer — The modern solid state equivalent of the 
old electromechanical bell. It provides the sound when 
the central office alerts the subscriber that someone is 
calling. Ringing voltage is typically 80-90 Vrms, 20 Hz. 
Two-Wire Circuit — Refers to the two wires connecting 
the central office to the subscriber's telephone. Com- 
monly referred to as Tip and Ring, the two wires carry 
both transmit and receive signals in a differential manner. 
Voiceband — That portion of the audio frequency range 
used for transmission across the telephone system. Typ- 
ically it is 300-3400 Hz. 
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Microphones 

Primo Microphones Inc. MURA Corp. 

Bensenville, III. 60106 Westbury, N.Y. 11590 

31 2-595-1 022 51 6-935-3640 

Model EM-60 Model EC-983-7 



Hosiden America Corp. 
Elk Grove Village, III. 60007 
312-981-1144 
Model KUC2123 



25 n Speakers 

Panasonic Industrial Co. 
Seacaucus, N.J. 07094 
201-348-5233 
Model EAS-45P19S 



Telecom Transformers 

Microtran Co., Inc. Stancor Products 

Valley Stream, N.Y. 11528 Logansport, IN 46947 

516-561-6050 219-722-2244 
Ask for Applications 
Bulletin F232 

PREM Magnetics, Inc. Onan Power/Electronics 

McHenry, III. 60050 Minneapolis, MN 55437 

81 5-385-2700 61 2-921-5600 



Motorola Inc. does not endorse or warrant the 
suppliers referenced. 

Compliance with FCC or other regulatory agencies of 
the circuits described herein is not implied or 
guaranteed by Motorola Inc. 
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The volume control level of the MC34118 speaker- 
phone IC has a nonlinear relationship with respect to the 
position of the volume control potentiometer, evident in 
Figure 14 of the data sheet. Since the input impedance 
at VLC (Pin 13) is very high, the horizontal axis in the 
graph of Figure 14 can be said to represent the poten- 
tiometer's mechanical position (using a linear taper 
potentiometer), with the two extreme ends of the poten- 
tiometer's position at 0.3 and 1.0. As can be seen, the 
gain changes at a slow rate when near maximum volume, 
but changes rapidly when near the minimum volume 
setting. 



By changing the potentiometer/resistor circuit to that 
shown in Figure 1 (below), the volume control relation- 
ship is linearized to an almost perfect straight line (the 
values were selected to maintain [VLC = 0.3 x VB] at 
minimum volume). The result is shown in Figure 2 
(below), with the only noniinearity near the maximum 
volume end (the vertical axis is the gain of the receive 
attenuator). The circuit requires the addition of only one 
resistor. The potentiometer can be rotary, or a linear 
movement type, as long as it has a linear taper. 



Figure 1. 



Figure 2. 
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Thanks to Alan Long (Motorola, Toulouse) for this circuit idea. 
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THE APPLICATION OF A TELEPHONE TONE RINGER AS A RING DETECTOR 



Telephone ringers are driven by high voltage, low frequen- 
cy ac signals which are superimposed on the 48 volt dc tip- 
ring feed voltage. An electronic ring detector must sense the 
presence of an ac signal on the line and produce a dielec- 
trically isolated logic level to the system processor. To isolate 
the line from the system, an on-chip piezoelectric driver 



drives the LED of an optocoupler. A 1 /aF capacitor filters 
the transistor output of the optocoupler, creating a solid 
logic when a ring signal is present. Figure 1 depicts the 
schematic of the ring detector. The peripheral components 
around the MC34012 set trigger levels and the ringing im- 
pedance signature for FCC Part 68 compliance. 
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FIGURE 1 - Ring Detector Schematic 
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ARTICLE 4 



LSI for 
Telecommunications 



In recent years, a number of inte- 
grated circuits — such as DTMF 
dialers, speech networks, and tone 
ringers — have been developed for 
telephone applications. These prod- 
ucts have replaced electromagnetic 
elements of the telephone because of 
performance and cost improvements 
achievable with integrated systems. 
In addition, the use of integrated cir- 
cuits in telephones provides consid- 
erable freedom in the external de- 
sign of telephone sets from both the 
practical and aesthetic points of 
view. 

With these objectives in mind, a 
single-chip telephone circuit has 
been developed. The MC34010 Elec- 
tronic Telephone Circuit (ETC) pro- 
vides all the functions of a standard 
tone-dialing telephone. In addition, 
a microprocessor interface port fa- 
cilitates automatic dialing features. 
An important characteristic of the 
ETC is its ability to operate with in- 
stantaneous input voltages as low 



as 1.4 V. Low-voltage operation is a 
key requirement in North American 
telephone networks, where parallel 
connections are common. 



FUNCTIONAL BLOCKS OF 
THEMC34010ETC 

Figure 1 shows the elements of 
the ETC: 

• Line Voltage Regulator: pro- 
vides the dc termination of the sub- 
scriber loop and a bias voltage for 
the DTMF dialer and speech network. 

• DTMF Dialer: generates the ap- 
propriate dual-tone multi-frequency 
(DTMF) signals for dialing. 

• MPU Interface: allows the 
DTMF generator to be controlled by 
a separate microprocessor, which 
may be programmed to provide au- 
tomatic dialing features. 

• Speech Network: provides the 
two-wire to four-wire interface be- 
tween the telephone line and the 



HOOK SWITCH 



CERAMIC 
RESONATOR 




Fig. 1 Major elements of the MC34010 ETC. 



receiver and microphone of the 

handset. 

• Tone Ringer: converts the ac 

ringing signals from the exchange 

into a warbled tone emitted through 

a piezo sound element. 

Line Voltage Regulator 

The line voltage regulator pro- 
vides a regulated bias voltage at the 
VR terminal of LI V to other sec- 
tions of the ETC. The low saturation 
voltage of an external PNP pass 
transistor allows the line input volt- 
age to fall within 300 m V of VR volt- 
age without clipping signals on the 
line. Thus, the DTMF and speech 
circuits maintain specified perfor- 
mance with instantaneous line volt- 
ages as low as 1.4 V. 

The circuit associated with the LR 
terminal determines the dc resis- 
tance of the telephone. At low line 
voltages (corresponding to opera- 
tion in parallel with nonelectronic 
telephones), the ETC draws only 5 
mA of bias current for the speech 
network and keypad interface cir- 
cuits. When the V+ terminal voltage 
exceeds 3 V, excess line current 
flows through an external resistor 
at terminal LR. The 3-kV level shift 
from V+ to LR prevents saturation 
of the dc termination circuit with 
signals up to 2 V peak (+5 dBm) on 
the line. 

An internal constant current sink 
nominally equal to the bias current 
of the DTMF dialer also flows 
through the dc termination circuit. 
When the DTMF dialer is activated, 
this current sink is disabled to re- 
duce the line current transient and 
dialer clicks. 

DTMF Dialer 

Inexpensive telephone keypads 
have switches of the single pole/ 
single throw (SPST) type that con- 
nect the row and column terminals 
corresponding to the selected digit. 
A keypad interface circuit within 
the ETC, consisting of input resis- 
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tors, comparators, and decoding 
logic, activates the DTMF tone gen- 
erators whenever two keypad input 
terminals are connected. 

When the keypad interface acti- 
vates the DTMF generator, it also pro- 
duces a mute signal for the speech 
network. This mute signal disables 
the transmit amplifier and reduces 
the DTMF sidetone in the receiver. 
Muting the receiver also suppresses 
clicks associated with DTMF turn- 
on and turn-off transients. 

The row and column tone genera- 
tors include a programmable coun- 
ter, an encoder, and a digital-to- 
analog (D/A) converter. The output 
of the D/A converter is a stair-step 
approximation of a sine wave with 
16-step intervals per period. Fourier 
analysis of such a waveform reveals 
that the time intervals correspond- 
ing to the positive and negative 
peaks (first and ninth intervals) can 
be shortened or lengthened with lit- 
tle impact on distortion. By modify- 
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Fig. 3 The MPU interface circuit. 
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Fig. 2 The DTMF frequency synthesis technique. 



ing the division ratio of the pro- 
grammable counter during these 
peak intervals, output frequency er- 
rors are reduced. The periods of the 
DTMF tones are adjusted to the de- 
sired value within the resolution af- 
forded by the 500-kHz oscillator 
frequency. 

Figure 2 depicts the implementa- 
tion of this error reduction tech- 
nique. The programmable counter 
divides the 500-kHz clock frequency 
by a number N that is loaded by the 
control logic at the beginning of 
each step. The output frequency of 
the programmable counter is fur- 
ther divided by the 4-bit interval 
counter. It is this counter which dis- 
tinguishes the 16 waveform inter- 
vals. The output of the 4-bit counter 
drives the D/A converter through 



an encoder (not shown in Figure 2 
for simplicity). 

Consider, for example, the genera- 
tion of the 697-Hz Row 1 tone. For 14 
of the 16 waveform intervals the 
control logic loads the program- 
mable counter with a divisor of 45. 
For the first and the ninth intervals, 
however, feedback from the 4-bit in- 
terval counter causes the control 
logic to program the counter to di- 
vide by 44. This combination of div- 
isors reduces the 500-kHz clock fre- 
quency to 11.14 kHz at the output of 
the programmable counter. The in- 
terval counter divides this signal by 
16, producing a 696.4-Hz Row 1 tone. 
TTie desired frequency of 697 Hz, 
therefore, is synthesized with an er- 
ror of only 0.09 percent. 
Other DTMF tones are generated 



by loading the programmable count- 
ers with appropriate pairs of div- 
isors. The worst-case frequency-divi- 
sion error for the eight dialing tones 
is 0. 16 percent. Reducing the divider 
errors permits an inexpensive 500- 
kHz ceramic resonator to be used for 
DTMF clock generation instead of a 
more precise quartz crystal. In addi- 
tion, the lower clock frequency al- 
lows the counter to be fabricated in a 
linear-compatible integrated injec- 
tion logic (I^L) technology which 
enhances the performance of the 
analog sections of the ETC. 

The outputs of the row and col- 
umn D/A converters are summed in 
the proper proportion (with a 2-dB 
twist) and amplified to drive the 
telephone line. The amplitude of the 
line's signal is determined by an ex- 
ternal resistor. Feedback around the 
DTMF output amplifier reduces the 
dialing-mode output impedance to 2 
kn to satisfy return-loss specifi- 
cations. 



MPU Interface 

The MPU interface permits com- 
munication between the telephone 
keypad, the DTMF dialer, and a mi- 
croprocessor. Through this port, 
telephone numbers may be stored in 
the microprocessor and later re- 
trieved for automatic dialing. Fig- 
ure 3 shows the major blocks of the 
MPU interface section and the con- 
nections between the keypad, DTMF 
dialer, and microprocessor. 

Each button of a 12- or 16-number 
keypad is represented by a 4-bit 
code. This same code controls the 
programmable counters to generate 
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Fig. 4 Speech network block diagram. 



^he appropriate row and column 
tones. Binary words corresponding 
to keypad digits are transmitted 
serially to or from the microproces- 
sor via the 4-bit shift register. The 
direction of data flow is determined 
by the state of the DD terminal 
input. 

In the manual dialing mode, DD is 
a logic "0"; the 4-bit code from the 
keypad is fed to the DTMF genera- 
tor and also loaded into the shift reg- 
ister. The microprocessor-controlled 
clock shifts the data through the 
I/O terminal on negative clock 
transitions. The shift register load- 
enable circuit cycles the register be- 



tween the load and shift modes such 
that multiple read cycles may be 
provided to the microprocessor for a 
single key closure. Six complete 
clock cycles will output a 4-bit word 
from the ETC and reload the shift 
register for a second look. 

In the automatic dialing mode, 
DD is a logic "1" and a 4-bit code is 
entered from the microprocessor 
into the ETC. The shift register load- 
enable circuit is disabled in this 
mode. Only four clock cycles are re- 
quired to transfer a digit to be dialed 
into the ETC. A logic "1" on the TO 
terminal disables the DTMF output 
until valid data from the micro- 




Fig. 5 Tone ringer biock diagram. 



processor is in place. Subsequently, 
TO is switched to a logic "0" to gen- 
erate a DTMF tone pair on the line. 
An exclusive OR circuit in the 
keypad interface logic determines if 
more than one key is depressed. 
Single tones may be initiated by de- 
pressing two keys in the same row or 
column. The exclusive OR circuit 
also generates the DP and MLS out- 
put signals. DP indicates when one 
and only one key is depressed, there- 
by signaling the microprocessor that 
valid data are available. MS indi- 
cates when the DTMF generator is 
enabled and the speech network is 
muted. 



Speech Network 

The speech network illustrated in 
Figure 4 provides the two- to four- 
wire interface between the telephone 
line and the transmit and receive 
transducers. The key feature of this 
circuit is its ability to operate with 
instantaneous line voltages as low 
as 1.4 V. Satisfactory operation has 
been demonstrated in parallel with 
a carbon microphone telephone for 
loop resistances of up to 2200 Q. This 
corresponds to 27,000 ft of 26 AWG 
cable between the subscriber termi- 
nal and the local exchange. 

An electret microphone biased by 
the VR regulator drives the transmit 
amplifier. The microphone is muted 
internally by the dialer during 
DTMF signaling and may be muted 
by the control signal on the MM 
terminal. 

For very loud talkers, the peak lim- 
iter reduces the transmit amplifier 
input level to maintain low harmon- 
ic distortion. Transmit gain control 
is achieved by varying the satura- 
tion resistance of the transistor 
which drives the TXL terminal. This 
transistor operates as a variable re- 
sistance because its collector termi- 
nal is unbiased. The peak limiter 
circuit determines when the trans- 
mit amplifier output approaches the 
clipping level and drives the trans- 
istor at TXL to attenuate the ampli- 
fier input. The peak limiter typically 
provides 30-dB additional dynamic 
range with approximately 1 percent 
total distortion. 

As shown in Figfure 4, the trans- 
mit amplifier output signal is in- 
verted at the STA terminal to pro- 
vide sidetone cancellation at the re- 
ceiver. The signals from the tele- 
phone line and the STA terminal are 
summed at the input at the receive 
amplifier. When transmitting, these 
signals are nominally 180° out of 
phase and the proper choice of ex- 
ternal components will nullify the 
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transmitted signal in the receiver. In 
practice, phase shift from the trans- 
mit amplifier output to the line due 
to reactive line impedances limits 
the degree of sidetone cancellation 
achieved. 

The receive amplifier output pro- 
duces a signal current in the receive 
transducer that also flows through 
the VR regulator to the telephone 
line. This ac current determines the 
impedance of the telephone at the 
interface with the line. The input 
impedance is set by the proper 
choice of receive amplifier gain and 
receiver impedance. A 300-n re- 
ceiver driven with a gain of one-half 
results in a 600-O input impedance 
and satisfactory receive sensitivity. 

Tone Ringer 

The tone ringer responds to large 
signal ac input voltages with a 



warbled two-tone output signal which 
may drive a piezo transducer or 
speaker. This warbled tone is pro- 
duced by dividing the tone ringer os- 
cillator frequency alternately by 8 or 
10 as shown in Figure 5. The warble 
rate is the oscillator frequency di- 
vided by 640. In a typical applica- 
tion, an 8-kHz oscillator produces 
800-Hz and 1000-Hz tones warbling 
at 12.5 Hz. 

The tone ringer output is enabled 
by the threshold detector when a 
ringing signal greater than 35 Vrms 
is applied at tip and ring. The ring- 
ing signal level is measured by mon- 
itoring the voltage across the exter- 
nal resistor at the TRI terminal. 
When the average voltage across 
this resistor exceeds a threshold lev- 
el, the output buffer commences 
driving the piezo element at the 
TRO terminal. The additional cur- 



rent drawn from the line to drive the 
piezo also flows through the exter- 
nal resistor at TRI. Therefore, the 
voltage across this resistor increases 
when the output is enabled. Increas- 
ing the voltage applied to the thresh- 
old detector creates hysteresis be- 
tween the turn-on and turn-off levels 
that ensures clean on/off transitions. 



DESCRIPTION 

The MC34010 ETC incorporates 
300 bipolar transistors and 520 I'^L 
gates on a 125 X 146 mil die. The chip 
is fabricated using a two-layer met- 
al, Linear/I^L process and pack- 
aged in a 40-pin plastic package. 
Combining a dialer, speech network, 
and tone ringer on a single chip rep- 
resents a major step forward in the 
modernization and cost reduction of 
analog telephones. □ 



Reprinted from Telecommunications Magazine, April 1984, Volume 18, Number 4, with permission from the publisher, 
Horizon House-Microwave Inc., Dedham, Mass. 
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INTRODUCTION 

The volume control provided on many speakerphones 
is a potentiometer, some rotary and some linear, wired 
so the wiper provides a varying DC voltage to a variable 
gain stage. This application note will describe how to 
replace the potentiometer with a digital circuit which 
allows control of the speaker volume from a set of "UP" 
and "DOWN" pushbutton switches. The circuit uses only 
3 standard CMOS ICs. 

THE MC34018 AND MC34118 

The volume control pins (VLC) on the MC34018 and 
MC341 18 speakerphone ICs (Pins 24 and 13 respectively) 
are similar in they have a very high input impedance 
(>10 Mii) and low bias current ( + 0.2 /jlA for the 
MC34018, -60 nA for the MC34118). Additionally, they 
both function similarly in that the volume control oper- 
ation is based on the ratio of the voltage at VLC to the 
internally generated reference voltage (Vg shown in Fig- 
ure 1 ). The ratio is 1 .0 (VLC = Vg) for maximum volume, 
and less than 1 for reduced volume. The minimum rec- 
ommended setting is 0.55 Vg for the MC34018, and 0.3 
Vb for the MC34118. 
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To achieve the same voltage range at VLC with a digital 
circuit, a binarily weighted resistor network is employed 
(see Figure 2). 




1111 



Figure 1. Analog Volume Control Interface 



Figure 2. Digital Volume Control Resistor Network 



With all switches open, VLC equals Vg (maximum vol- 
ume). The minimum setting occurs when all switches are 
closed, and the Rg in Figure 1 is represented by the par- 
allel combination of the four lower resistors (0.533R). The 
exact value of the resistors will be determined later. 

USING UP/DOWN SWITCHES 

Controlling the resistor network of Figure 2 is done with 
the circuit of Figure 3. The four switches of Figure 2 are 
replaced with the four outputs of the MC14516 Up/Down 
binary counter and 1N914 diodes. Each of the resistors 
is "on" when the corresponding output is low, and dis- 
connected (by means of the diode) when the output is 
high, providing 16 volume levels for the speakerphone. 
The circuit may be used in a line-powered speakerphone, 
or one which is powered from a power supply. 
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1) ALL DIODES 1N914 OR EQUIVALENT. 
4- 2) ALL RESISTORS 1/8 W. 

3) BYPASS CAPACITORS REQUIRED AT EACH IC, 

4) GOOD CIRCUIT LAYOUT REQUIRED DUE TO HIGH 
SPEED CAPABILITIES OF THE ICs. 

Figure 3. Up/Down Free Standing Digital 
Volume Control 



The circuit worl<s as follows: 
o When one of the switches is closed, pin 13 of the 
MC14044 RS flip-flop is set either high (for UP) or low 
(for DOWN), and this sets the U/D input of the counter. 

• Upon closing the switch, the 1.0 fif capacitor is dis- 
charged (the 24 11 resistor limits the current during 
discharge), and pin 9 of the l\/IC14044, andthe counter's 
CLK input are taken low (assuming the CO output of 
the counter is high). 

• Upon releasing the closed switch, the 1.0 /xF capacitor 
will charge up slowly, and the CLK input of the counter 
will switch high approximately 80 milliseconds later, 
incrementing or decrementing the counter. The time 
delay provides for switch de-bounce. 

• When maximum count is reached while up-counting, 
the CO output (Pin 7) switches low, preventing any 
more clock pulses from reaching the counter. The CO 
output returns to high when the U/D input changes 
state (by pressing the DOWN switch), allowing the 
counter to count down. A similar sequence occurs 
when minimum count is reached while down-counting. 

• The Preset Enable (PE) input receives an active high 
pulse during power up, thus presetting the outputs to 
101 1 (in this example). In this way the speakerphone's 
volume is set to a known state each time the phone is 
taken off-hook. The preset level may be any of the 16 
states by appropriately wiring P3-P0. 

As the counter is sequenced up or down, the voltage 
at VLC will vary between a maximum of Vg and a min- 
imum determined by the resistors {R/\, R1-R4). The 5.0 
jjlJt capacitor at VLC smooths the transition to the new 
level, preventing clicks or pops from being heard in the 
speaker. The power supply voltage can be obtained from 
the Vcc pin of the MC34118 (Pin 4), or from the Vqc 
output pin of the MC34018 (Pin 20). The circuit of Figure 



3 requires less than 1.0 yuA of supply current when idle, 
and typically less than 200 fxA during a transition. 

CALCULATING THE RESISTOR NETWORK 

The resistor network values will be calculated for each 
of the three following situations: 

1) The MC34018 speakerphone circuit, which has a fixed 
Vb of 2.9 Volts, and requires a minimum VLC of 0.55 
Vb (1.59 Volts). 

2) The MC341 18 speakerphone circuit with a fixed supply 
voltage, resulting in a fixed Vg equal to ~ (Vqc - 
0.7)/2, and requiring a minimum VLC of 0.3 Vg. 

3) The MC34118 speakerphone circuit with a variable 
supply voltage (such as in a line powered phone), 
resulting in a Vg voltage which can range from 1.3 to 
2.8 V, and requiring a minimum VLC of 0.3 Vg. 

The reason for the differentiation between #2 and #3 
above is due to the voltage drop of the 1N914 diodes 
(==0.5 V), which is a significant part of Vg. The voltage 
drop of the counter's outputs, when a logic "0," is typi- 
cally <10 mV, and is considered negligible. The resistor 
network for situations 1 and 2 is shown in Figure 4. Sit- 
uation 3 will require a slightly different circuit. 
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Figure 4. Network for Constant Voltage Vb Circuits 
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Situation 1 

For the IV1C34018, Ra is selected to be 20 kil, as that 
is the same as the potentiometer's value shown in its 
data sheet. The voltage at VLC is equals: 

(Vb - 0.5) X Rb 



Testing of the circuit with VqC 
following results: 



5.0 V yielded the 



VLC 



+ 0.5 V 



20 k + Rb 

where Rg is the parallel combination of the "on" resis- 
tors. To achieve a minimum VLCof 0.55 Vb, Rb calculates 
to be 16.8 kn. The "R" value for Figure 2 is then 16.8 k/ 
0.533, or 31 .5 k(i. The next lower standard resistor value 
of 30 kn is then chosen for "R," which is R^ in Figures 
3 and 4. Using standard values for the other resistors 
yields R2 = 62 kil, R3 = 120 kil, and R4 = 240 k(L The 
resulting performance of this network is shown in the 
following tabulation: 





"On" 












Q3-Q0 


Resistors 


VLC 


VLCA/b 


A 


dB Gain 


Comments 





Rl R2 R3 R4 


1.57 


0.542 




-25.5 


Min 


1 


Ri R2 R3 


1.61 


0.556 


0.014 


-24.6 


Volume 


2 


Rl R2 R4 


1.66 


0.571 


0.015 


-23.5 




3 


R1R2 


1.71 


0.588 


0.017 


-22.4 




4 


Rl R3 R4 


1.75 


0.604 


0.016 


-21.3 




5 


R1R3 


1.81 


0.624 


0.020 


-19.9 




6 


Rl R4 


1.87 


0.645 


0.021 


-18.5 


7 


Rl 


1.94 


0.669 


0.024 


-16.8 




8 


R2 R3 R4 


2.02 


0.698 


0.029 


-14.8 




9 


R2R3 


2.11 


0.728 


0.030 


-12.7 




10 


R2R4 


2.21 


0.761 


0.033 


-10.5 




11 


R2 


2.31 


0.798 


0.037 


-7.9 


12 


R3R4 


2.42 


0.834 


0.036 


-5.4 




13 


R3 


2.55 


0.881 


0.047 


-2.2 




14 


R4 


2.71 


0.936 


0.055 


+ 1.6 


Max 


15 


None 


2.9 


1.0 


0.064 


+ 6.0 


Volume 



The A column indicates the difference in the VLC/Vb 
ratio as the count is increased. The steps are larger at 
the high volume end compared to the low volume end. 
It is believed that this is not objectionable in most appli- 
cations, and in fact, some users consider it desirable. The 
"dB Gain" column indicates the gain of the receive atten- 
uator derived from Figure 5 of the data sheet. 

Situation 2 

For the MC341 18 with a fixed supply voltage, the value 
of the resistors will depend on the specific voltage used 
for Vcc- Since the minimum VLC is 0.3 Vb, Ra was raised 
and the equivalent Rb lowered (from the values of situ- 
ation 1 ) to achieve the lower ratio. The values for the five 
resistors can be found from the following chart: 



vcc 


Vb 


Ra 


Rl 


R2 


R3 


R4 


Min VLCA/b 


6.5 


2.8 


39K 


15K 


30K 


62K 


120K 


0.298 


6.0 


2.54 


43K 


15K 


30K 


62K 


120K 


0.298 


5.5 


2.29 


47K 


15K 


30K 


62K 


120K 


0.303 


5.0 


2.04 


56K 


15K 


30K 


62K 


120K 


0.296 


4.5 


1.79 


39K 


7.5K 


15K 


30K 


62K 


0.296 


4.0 


1.54 


51 K 


7.5K 


15K 


30K 


62K 


0.301 



Q3-Q0 


VLC 


VLCA/b 


A 


dB Gain 





0.607 


0.296 




-33.0 


1 


0.628 


0.306 


0.010 


-29.4 


2 


0.643 


0.313 


0.007 


-26.1 


3 


0.669 


0.322 


0.009 


-23.1 


4 


0.680 


0.332 


0.010 


-20.1 


5 


0.712 


0.347 


0.015 


-17.0 


6 


0.740 


0.361 


0.014 


-14.0 


7 


0.783 


0.375 


0.014 


-11.0 


8 


0.796 


0.389 


0.014 


-8.5 


9 


0.856 


0.417 


0.028 


-5.6 


10 


0.915 


0.446 


0.029 


-2.9 


11 


1.01 


0.489 


0.043 


-0.4 


12 


1.10 


0.536 


0.047 


+ 1.6 


13 


1.28 


0.624 


0.088 


+ 3.6 


14 


1.52 


0.741 


0.117 


+ 5.0 


15 


2.05 


1.00 


0.259 


+ 5.8 



In this case, the fact that the step sizes are smaller at 
the minimum volume end is particularly advantageous 
since the MC341 18 has a non-linear relationship between 
the VLC/Vb ratio and the amount of signal attenuation 
(see Figure 5). 
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Figure 5. Receive Attenuator versus Volume 
Control — MC341 18 

As can be seen from the "dB" column (which is the 
MC34118's receive attenuator gain setting), the step size, 
in terms of the dB attenuation, is fairly constant through- 
out most of the range. 
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Situation 3 

For the case where the MC341 18 is used in a line pow- 
ered speakerphone, Vcc can vary from 3.5 to 6.5 V, with 
a range for Vg of 1.3 to 2.8 V. If the circuit of Figure 4 is 
used, and set to provide a minimum VLC/Vb ratio of 0.3 
when Vb = 2.8 V, the minimum ratio will be considerably 
higher (=0.43) when Vg is reduced to 1.3 V. From the 
graph of Figure 5, it can be seen that the minimum gain 
will then be -10 dB rather than -33 dB. The problem 
stems from the =0.5 V drop of the diodes, which is a 
significant part of Vg. To reduce the effects of this voltage 
drop, the diodes are replaced with NPN transistors which 
have a saturation voltage of only =0.05 V (see Figure 6). 
The outputs of the MC14516 counter drive the 2N2222A 
transistors through the 100 kil base resistors. Because of 
the logic inversion of the transistors, the function of the 
UP and DOWN switches of Figure 3 is reversed. Addi- 
tionally, because of the inversion, the preset inputs 
(P3-P0) must be changed to 0100 to achieve the same 
power-up setting as that of Figure 3. 

With the circuit of Figure 6, the minimum VLC/Vg ratio 
ranges from a low of 0.298 (VqC = 6.5 V) to a high 0.312 
(Vcc = 3.5 V). The tested performance of this circuit, 
with Vqc = 5.0 V, is as follows: 



Q3-Q0 


VLC 


VLCA/b 


A 


dB Gain 





0.615 


0.300 




-30 


1 


0.645 


0.314 


0.014 


-26.5 


2 


0.674 


0.329 


0.015 


-23.3 


3 


0.709 


0.346 


0.017 


-20.4 


4 


0.755 


0.368 


0.022 


-17.4 


5 


0.800 


0.390 


0.022 


-15.1 


6 


0.847 


0.413 


0.023 


-13.1 


7 


0.904 


0.441 


0.028 


-11.1 


8 


0.970 


0.473 


0.032 


-9.1 


9 


1.04 


0.507 


0.034 


-7.2 


10 


1.13 


0.551 


0.044 


-5.4 


11 


1.24 


0.605 


0.054 


-3.5 


12 


1.39 


0.678 


0.073 


-1.6 


13 


1.56 


0.761 


0.083 


+ 0.7 


14 


1.77 


0.863 


0.102 


+ 3.3 


15 


2.05 


1.00 


0.137 


+ 5.9 



IF YOU HAVE A MICROPROCESSOR . . . 

If a microprocessor is included in the speakerphone 
design, the above circuit can be simplified by letting the 
processor do the switch de-bouncing, the up/down count- 
ing, and the off-hook preset. The critical part of Figure 
3's circuit is the resistor network, and it can be controlled 
from a port through a CMOS latch (see Figure 7). 




Q3 Q2 Qi Qo 

Figure 6. Network for MC34118 Variable 
Supply Situation 



FROM 
MICROPROCESSOR 



4-BIT 
LATCH 



CK 



J 



Vb 



-VA >' 

R2 



1N914S 



Ra< 



TO 
VLC 



Figure 7. Microprocessor Interface 

Recommended latches are the MC14042, MC14076, 
MC14174, and MC14175. The resistor values depends on 
which speakerphone circuit is used. 

IN SUMMARY . . . 

The circuit presented is fairly simple and straight- 
forward without any critical components involved. The 
accuracy requirements of the resistor network depend on 
the accuracy requirements of the application. 5% resis- 
tors should suffice for most applications. The power sup- 
ply current required for the additional circuitry is minimal 
(<1.0 fxA) since all CMOS ICs are recommended. Addi- 
tionally, the wide range of power supply voltages allowed 
by CMOS devices makes this circuit suitable for use with 
line-powered speakerphones. 

REFERENCES 

MC34018 Data Sheet, Motorola, 1985 
MC34118 Data Sheet, Motorola, 1987 
MC14516 Data Sheet, Motorola 
MCI 4044 Data Sheet, Motorola 
MC14001 Data Sheet, Motorola 
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INTRODUCTION 

In some instances, when the MC34119 speaker annpli- 
fier is re-enabled, a "pop" can be heard in the speaker. 
The cause can be due to the IC, or the PC board, or both. 
Whatever the cause, some users consider the "pop" 
objectionable. This application note describes how to 
minimize the "pop" to satisfy the most demanding user. 
The remedy, fortunately is very simple and inexpensive. 

CIRCUIT DESCRIPTION 

Referring to Figure 1, during normal operation (chip ena- 
bled), the input capacitor (Cj) has a DC voltage on it due 
to the DC bias of the MC34119 on its right side, and the 
DC bias of the audio source on its left side. The charging 
path for this DC bias is from Pin 5 through Rf and Rj, and 
the right side voltage is equal to that on Pin 4, which is the 
same voltage as that on Pins 2 and 3 ({\/qq-0.7}/2). 

When the IC is disabled (Pin 1 taken to a logic high), 
the internal bias is removed from the two op amps, and 



the two outputs go to a high impedance state. If the out- 
put pins are perfect in that no leakage exists at Vqi or 
Vo2' then the charge will remain unchanged on Cj. Upon 
re-enabling the IC, there will be no "pop" at the speaker 
as there will be no need to re-establish bias levels. 

Leakage does exist, however, either internal and/or 
external to the IC. Internally, it can be due to normal 
reverse bias leakage currents, and can go either to Gnd 
or Vcc- Externally, leakage can be due to solder flux on 
the board, or other contaminants (fingerprints, air pol- 
lutants, etc.) which deposit on the board during the 
course of its use at the customer's location, and can go 
to Gnd or Vcc- Referring to Figure 2, and assuming a 
leakage to ground, Cj will now discharge through Rj, Rf, 
and Rlk (which is generally several megohms) with a 
time constant determined (essentially) by Cj and R|_k — 
the voltage at Pin 4 drops accordingly. (Current out of Pin 
4 is insignificant for this discussion, and is ignored.) The 
bias voltage on Pins 2 and 3 is not removed during the 
disable period, and so the voltage at Pin 3 is unchanged. 



AUDIO 
INPUT 



0.1 Rj 




SPEAKER 



«0,8V) 



Pins 4, 5, and 8 are at the same DC voltage as Pin 3. 



Figure 1. Normal Operation 
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AUDIO V 



Rf 




6 VCC 



^ 



LEAKAGE 
CURRENT 



VOI 



yo2 



BIAS 
CIRCUIT 



GND 



Cj discharges through R,, Rf, and R|_k; the voltage at Pins 4, 5, and 8 droops. 



rlk l__n/ 



r 



LN 



SPEAKER 



CD CHIP 

DISABLE 
(>2.0V) 



Figure 2. Disabled Mode 



Upon re-enabling the MC34119, bias is returned to the 
op amps immediately, and op amp #1 finds the voltage 
at Pin 4 somewhat lower than that at Pin 3. Its output (Pin 
5) is therefore driven near the upper rail (Vcc)' and this 
causes op amp #2 output (Pin 8) to be driven near the 
lower rail (Gnd). The result is a large sudden voltage 
change across the speaker, hence the "pop." The outputs 
will then stay at these levels as Cj is recharged (by Pin 5 
through Rf and Rj) until the voltage at Pin 4 is equal to 
that at Pin 3, bringing op amp #1 back into its linear 
operating region. Then the circuit is once again consid- 
ered turned on. Figure 3 is a scope photo of the transient 
across the speaker (Vqi -V02) when the circuit is ena- 
bled. For this photo, Vqc "= 6 volts, Rf = 270 k, Rj = 24 k, 
Cj = 0.1 /xF, and Rlk = 5 Mil. 



liilMMillilililM iiliMlf ^ 

■iffll Biiliafci— aiBifflwM 

■■■■■■nr 



■■■■■IMMMi 



Figure 3. Output Transient Due To Leakage 



THE SOLUTION ? — ONE RESISTOR 

The solution involves keeping Cj from discharging in 
the first place. By placing a resistor from Pin 3 to 4, Pin 
3 will supply the leakage current, relieving Cj of that duty 
(see Figure 4). Due to the voltage divider effect of Rx, Rf, 
and R|_|<, Cj does discharge a small amount however, and 
upon re-enabling, requires a small amount of recharge. 
So the "pop" is not eliminated, but is considerably 
reduced. Figure 5 is a scope photo of the same circuit 
used for Figure 3, but with a 1 kll resistor added between 
Pins 3 and 4. The combination of reduced amplitude and 
pulse width meansthetransientenergy has been reduced 
by a factor of almost 12, thereby considerably reducing 
the sound level of the "pop." 

Experimentation has shown that values of 10 kil to 
40 kil for Rx reduce the "pop" a very significant amount 
(Note: quantifying the amount of improvement is diffi- 
cult, and could have been done by using an SPL meter. 
The real issue is what is an acceptable "pop," and what 
is objectionable — a purely subjective matter). Values 
greater than 40 kil have a progressively lower effect on 
the transient amplitude. Values less than 10 kil can actu- 
ally increase the transient, and can also interfere with the 
normal operation of the amplifiers in the voiceband, most 
notably distortion. 

CONCLUSION 

Because of the possibility of contaminants on the PC 
board, the "pop" can occur even if a "perfect" IC is used. 
This solution will considerably reduce the problem, but 
will not completely eliminate it. This is due to the voltage 
divider effect of Rx, Rf, and Rlk which allows Cj to dis- 
charge slightly during the disable mode. Most applica- 
tions should, however, find this solution a sufficient 
improvement to consider the problem resolved. 
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The voltage at Pin 4 changes only slightly when disabled. 
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Figure 4. Disabled Mode With Resistor Solution 
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Figure 5. Output Transient With Resistor Fix 
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OVERVIEW 

The introduction of the Universal Digital Loop Transceiver 
(UDLT) family of integrated circuits aids the design of a high 
speed Limited Distance Modem (LDM). With an external clock, 
the LDM will transmit asynchronous data at rates up to 80 
kbps. As shown here with an internal clock, the LDM can send 
as much as 38.4 kbps of asynchronous full duplex data up to 
two kilometers on 26 AWG twisted pair wire. The data 
transfer is controlled by the following RS-232C handshake 
signals: Request to Send (RTS), Clear to Send (CTS), Data Set 
Ready (DSR) and Carrier Detect (CD). If the data link is 
operating, CTS goes active in response to RTS going active. 
DSR is active if the LDM is powered up. If synchronization is 
lost, the CD signal goes inactive. Figure 1 shows a block 
diagram of the LDM. Figure 10 is a photostat of the LDM 
Demonstration Board - front, and Figure 1 1 is a photostat of 
the LDM Demonstration Board - back. Table 1 is a parts list for 
the slave and master LDM. 

UNIVERSAL DIGITAL LOOP TRANSCEIVER 

The heart of the LDM is the UDLT master/slave chip set. 
This chip set transmits data at a 256 kbps burst rate using a 
"ping pong" approach. As shown in Figure 2, a Modified 



Differential Phase Shift Keyed (MDPSK) data burst is trans- 
mitted from the master to the slave. Then after a slight delay, a 
burst is transmitted from the slave to the master. Since an 
eight kHz clock is typically applied to the Master Sync Input 
(MSI) pin, and ten bits are sent to the master and the slave 
every MSI period (every 125 fxs), the transceiver is effectively 
transmitting 80 kbps of full duplex synchronous data. 

The burst's ten bits of digital data are input on three 
different pins of the UDLT master. The first eight bits are 
serially received from the Receive Data Input (Rx) pin. The 
ninth bit is from the Signaling Bit Input (SI1 ) and the tenth bit 
is from the SI2 pin. These ten bits are formatted together and 
shipped out from the chip on the L01 and the L02 pins (Line 
Driver Outputs). After being transmitted across the line and 
received on the LI pin of the slave UDLT, eight bits of data are 
serially output through the slave's Transmit Data Output (Tx) 
pin, one bit on the SOI and one bit on the S02 (Signaling Bit 
Output). Then the slave UDLT sends a similar burst to the 
master UDLT 

DLTVS. UDLT 

Since the MC145418/19 Digital Loop Transceiver (DLT) 
chip set is very similar to the UDLT, it is not difficult to adapt 
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Figure 1 . Limited Distance Modem Block Diagram 
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Figure 2. 80 kbps MDPSK Timing Diagram 
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Figure 3. UDLT Receive and Transmit Registers 
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this LDM to use the DLT. There are three main differences 
between the UDLT and the DLT chips. The most important 
difference between the chips is that the UDLT automatically 
adjusts the thresholds on the receive circuitry. This allows the 
UDLT to optimize its reception to a particular line's attenuation 
level. The DLTs threshold is externally set , so typically this 
receive optimization will not be achieved, unless some rather 
complex circuitry is implemented. Also, the DLT requires 
external drivers and transmits square waves instead of 
triangular waves. In conclusion, the UDLT has on board driver 
and threshold adjust circuitry, but the DLTs basic approach 
allows driver and threshold design flexibility. 

SIGNALING PINS FOR RTS/CTS HANDSHAKE 

This LDM uses the 811, 812, 801 and 802 pins of the 
master and slave for a RT8/CT8 handshake. To perform this 
task, the signaling channels are used for transmitting the 
RT8/CT8 handshake. The input at 811 of the master UDLT is 
the RTS signal. This information is transmitted to the 801 of 
the slave UDLT chip. At this point, the signal is looped around 
into 811 of the slave UDLT, and it is transmitted to 801 of the 
master UDLT. This signal at 801 is the master's CT8 signal. A 
similar configuration is used for the slave's RTS/CTS hand- 
shake on the 812/802 channel. This allows the RTS/CTS 
handshake to verify that the communication link is operating. 

DATA SETINTERFACE 

Since most data from a terminal is an asynchronous format, 
the Data Set Interface (DSI) is needed to convert data from an 



asynchronous to a synchronous format and vice versa. At TxD 
of the DSI, the asynchronous signal should begin with a start 
bit (logic 0). After following with an eight or nine bit data word, 
the format ends with one or more stop bits (logic 1 ). The rate 
that the data is loaded into the DSI is determined by the 
internal bit rate generator, whose rate, if 38.4 kbps or less, is 
selected by BR1, BR2 and BR3 (Baud Rate Select Pins). An 
external bit rate generator can be used for data rates higher 
than 38.4 kbps. 

Once in the DSI, the data is stripped of its start and stop bits 
and loaded in a register. Next, the data is checked for a break 
condition, and one of three types of words is sent, under the 
timing control of the DC, CM and DOE pins. If a break condition 
is recognized, the break flag (1 11111 10) is transmitted. If data 
is in the register, it is dispatched. Finally, if no data is in the 
register, a synchronizing flag (01 1 1 1 1 10) is sent. However, 
regardless of data being in the transmit register, a synchron- 
izing flag is also transmitted on a regular basis to verify that 
synchronization is intact. Furthermore, the transmit circuitry 
inserts a binary after five continuous 1 's of data, so neither 
pattern, (1 1 1 1 1 1 10) or (01 1 1 1 1 10), can be sent as data. 

At DCI, DC, CM and DIE control the synchronous data's 
receive loading into the DSI. Once loaded, the DSI's receiver 
determines if the data is break or synchronizing information. If 
it is a break or synchronizing flag, the appropriate action is 
taken. If it is not, the data is loaded into a receive register. 
From this register, data words are taken, start and stop bits are 
added and the asynchronous word is output on RxD (Receive 
Data) at the baud rate selected by BR1 , BR2 and BR3. Figure 4 
is a block diagram of the DSI. 
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Figure 4. DSI Block Diagram 
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Figure 5. Master Limited Distance Modem 
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Figure 6. Slave Limited Distance Modem 



RS-232C DRIVER/RECEIVER 

The last integrated circuit discussed is the RS-232C inter- 
face. Either the MC145406 or the MC1488/MC1489 Driver/ 
Receiver, which both fulfill the electrical specifications of EIA 
Standard RS-232C and CCITT Recommendation V. 28, can be 
used. The receivers invert the signal and convert the RS-232 
signals to standard five volt logic levels, and the drivers invert 
the signal and convert five volt logic levels to RS-232 voltage 
levels. 

The MC145406 is a CMOS RS-232 chip with three drivers 
and three receivers. This chip operates with a five volt supply 
and ±5 to ±12 volt supplies. Although the MC145406 chip will 
work with ±5 volt supplies in most systems, the voltage 
supplies should be at least ±7 volts to meet the RS-232 driver 
specification. For full RS-232 compliance, the driver's output 
must be between 5 volts and 15 volts for a logical 0, and it 
must be between -5 volts to -15 volts for a logical 1. 

The MC1488 is a quad line driver. For the l\/IC1488 to 
comply with the RS-232 driver requirements, a minimum 
power supply of ±8 volts must be used. However, the chip will 
operate effectively in most systems with the positive supply 
voltage varying from +7 to +1 5 volts. The MC1489 is a five volt 
quad line receiver. 

RS-232C CONTROL AND SIGNALS 

As seen in Figure 5, the master LDM schematic, and Figure 
6, the slave LDM schematic, asynchronous control and data 
signals enter the LDM at RS-232 voltage levels through a 
DB-25 connector. Figure 7 shows a DB-25 connector which is 
the standard computer terminal connector. Pins 2,3,4,5,6,7,8 
transmit the following information: 

Pin 2: Transmit Data (Tx) 

Pin 3: Receive Data (Rx) 

Pin 4: Request to Send (RTS) 

Pin 5: Clear to Send (CTS) 

Pin 6: Data Set Ready (DSR) 

Pin 7: Signal Ground (GND) 

Pin 8: Carrier Detect (CD) 
The Tx and RTS signals are fed into the receivers, and the Rx, 
CTS and CD signals are outputs of the driver. For the CD 
signal, ope of the receivers inverts the signal from the RxS pin 
of the DSI. When the DSI is in asynchronous status, this 
inversion gives the CD a logic 0. The output of that receiver is 
then put into a driver to obtain RS-232 voltage levels. The DSR 
pin is connected to the RS-232 positive power supply through 
a 300 ohm resistor. Therefore, DSR will go active whenever 
the power supply is on. The GND pin is connected to the 
system's ground. The remaining pins used of the DB-25 
connector are routed to the RS-232 Driver/Receiver. 
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TRANSFORMER INTERFACE 

The transformer interface greatly affects the UDLTs capa- 
bilities. It performs the functions of impedance matching, 
bandwidth limiting, increasing receive voltages to required 
threshold levels and input protection. At 256 kHz, 26 AWG 
wire's characteristic impedance is 110 ohms. The source 
resistors from the L01 and L02 pins are chosen to be 220 
ohms. With a transformer turns ratio of 2:1, the line side's 
characteristic impedance is 110 ohms. This configuration 
impedance matches the twisted pair. 

The UDLTs minimum output voltage from the L01 and the 
L02 pins is 2.25 volts peak. Half of the voltage is lost across 
the 220 ohm source resistor. That voltage of 1 . 1 2 volt peak is 
halved again by the 2: 1 turns ratio of the transformer to 0.56 
volts peak. At 256 kHz, 26 AWG wire attenuates a signal level 
of 1 8 decibels-per-kilometer. After traveling a distance of two 
kilometers the signal will have attenuated 36 decibels. At the 
line side of the transformer, the minimum signal level is 8.9 
millivolts peak. A turns ratio of 1:4 in the transformer 
windings brings the signal level up to 35.6 millivolt peak. This 
voltage is divided between a resistor from the transformer to 
the LI pin and an internal resistance. At worst case, 29 
millivolt peak are at the LI pin — within the 25 millivolts peak 
minimum allowed signal. 

The UDLTs maximum voltage output is 3.0 volts peak. 
Because of the voltage being halved by the source resistors 
and the transformer windings, the transmit signal level atthe 
line side is 0.75 volt peak. With a short loop, the signal level 
drop is negligible, so the signal level at the receiving trans- 
former is about 0.75 volts peak. With the 1 :4turns ratio at the 
receiving transformer, the signal level at LI will be 3.0 volts 
peak, which exceeds the 2.5 volt peak maximum input at LI. A 
signal level greater than 2.5 volts peak will inject current into 
the UDLTs substrate. This action will distort the modulator's 
output, thus creating bit errors. Consequently, protection 
diodes and resistors are needed to clamp the input at LI. The 
demonstration board's transformer configuration is shown in 
Figure 8. The LI pin's protection includes a 1 kilohm resistor 
between the LI pin and the diodes. This resistor is not on the 
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Figure 7. DB-25 Connector 



Figure 8. Transformer Configuration Used in 
LDM Schematic 
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demonstration board. Typically, the external diodes will turn 
on before the chip's internal diodes, so the external diodes will 
shunt most of the current. However, the 1 kilohm resistor will 
further ensure that the external diodes turn on first. 

The maximum power bandwidth of the UDLT is 8 to 512 
kHz, but to improve line settling, it is desirable to use a 20 to 
512 kHz bandwidth. To make the lower corner of the band- 
width 20 kHz, the inductance of the transformer windings is 
chosen to be 1.75 millihenries. To make the upper corner of 
the bandwidth 51 2 kHz, a 0.001 microfarad capacitor is placed 
in parallel with the transmit tap. If battery feed is used, further 
input protection is advised. Figure 9 shows a more durable 
transformer configuration. Transformers fulfilling these speci- 
fication can be obtained from: 

Leonard Electric Products Company 

85 Industrial Drive 

Brownsville, Texas 78521 

Part Number: P/N P-1358-A 



110 
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C = 0.001 /xF 



Figure 9. Battery Feed Transformer Configuration 



LDM BOARD OPTIONS 

A picture of the LDM demonstration board is shown in 
Figure 10 and 11. Many of the UDLT and DSI features are 
made available on the demonstration board using straps. 
These UDLT features include: 

LB: In the master, a low disconnects the LI pin from the 

internal circuitry, drives L01 , L02 to Vref and internally ties 

the modulator to the demodulator. In the slave, a low on the 

LB pin makes the incoming demodulated data going to Tx 

replace the incoming data on Rx. 

PD: A low powers down the UDLT, except for the receive 

circuitry. 
The DSI features that can be controlled using the straps 
include: 

SB: A low selects outputting one stop bit per data word, and 

a high selects outputting two stop bits. 

DL: A low selects operating with eight bit data words, and a 

high selects operating with nine bit data words. 

Reset: A low clears the internal FIFO, disables TxD, and 

forces TxS and RxS low. 

BR1, BR2, BR3: These pins select the asynchronous data 

rate. 

For more information, refer to the individual data sheets. The 
top of the LDM board shows suggested straps for these 
functions. These straps select one stop bit, an eight data word, 
an inactive Reset, a 9600 baud asynchronous data rate, an 
inactive loop-back and an inactive power-down. 

For battery feed applications, C6 of the slave LDM and C7 of 
the master LDM can be inserted, and the trace between these 
pins should be broken. This capacitor allows ac signals to pass 
through the transformer, but keeps dc power across the 
capacitor to be fed into the system's power supply. C3 of the 
slave LDM and C8 of master LDM provide filtering for the 
upper corner of the bandwidth. If this filtering is not desired, 
these capacitors may be omitted, but their insertion is 
recommended. 

CONNECTORS 

On the demonstration board, Vss and Vqd are only used to 
power the RS-232 circuitry. Vss 's the most negative power 
supply, and Vdd is the most positive power supply. The 
RS-232C Driver/Receiver section explains the appropriate 
voltage ranges for using either the MC145406 or the 
MC1488/MC1489. Vqc 's the board's five volt supply, and 
GND is the board's digital ground. Tip and Ring are the 
connections for the twisted pair wire. The 25 pins on the left 
side of both the slave and the master board is for the DB-25 
connector. 
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MOTOROLA Master UDLT Limited Distance Modem Demo Board 

NOTE: Drawings are not actual size. 

Figure 10. Photostat of LDM Demonstration Board - Front 
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MOTOROLA SLAVE UDLT LDM DEMO 




^External to the demonstration board-back, pin 6 of the MC74HC74 should be connected to pin 16 of the MC145422 
NOTE: Drawings are not actual size. 

Figure 11. Photostat of LDM Demonstration Board - Back 
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Table 1 . Limited Distance Modem Parts List 



Master LDM 

R1: lOMn 
R2:220n 
R3: 220 H 

Cl:20pF 
C2:20pF 
C3:0.1 ijlF 
C4:0.1 iuF 
C5:0.1 nf 
C6:0.1 /xF 
C7: I.OmF 

D1: 1N914 

XI: 4.096 MHz 

U1:MC1489 
U2:MC145406 
U3:MC1488 
U4: MC74HC74 
U5:MC145428 
U6:MC14069UB 
U7: MC74HC393 
U8:MC145422 

T1: LepcoP/N P-1358-A 



R4: 10 kn 
R5: 300 n 

C8: 1000 pF 
C9:0.1 ^xf 
CIO: 0.1 /iF 
C11:0.1 ^lF 
C12:0.1 mF 
C13:0.1 nf 
C14:0.1 mF 

D2: 1N914 



Slave LDM 




R1: lOMn 


R4: 10 kn 


R2:220n 


R5:300n 


R3;220n 




C1:20pF 


C7:0.1 nF 


C2:20pF 


C8:0.1 mF 


C3: 0.001 /uF 


C9:0.1 fxf 


C4:0.1 mF 


CIO: 0.1 nF 


C5:0.1/xF 


C11:0.1 fxF 


C6: 1.0 AxF 




D1: 1N914 


D2: 1N914 


XI: 4.096 MHz 




U1:MC1489 




U2: MC145406 




U3: MC1488 




U4: MC145428 




U5: MC145426 





Tl:LepcoP/NP-1358-A 
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Data Multiplexing 

Using the 

Universal Digital Loop Transceiver and the Data Set Interface 



INTRODUCTION 

Data multiplexers find applications where clusters of ter- 
minals are connected to a central computer and in systems 
where modems are pooled at a common location. Combining 
the signals from the various terminals onto one multiplexed 
data link simplifies wiring and reduces expenses. Sharing the 
cost of the multiplexer among the several terminals results in 
a lower net cost compared to installing and maintaining 
individual cables for each terminal. While present day multi- 
plexers are economical, new ICs from Motorola make possible 
enhanced performance multiplexers for a fraction of the cost 
of existing devices. 

This Application Note will describe the design of a short- 
haul multiplexer for asynchronous data at rates up to 9600 
baud. The mux combines eight full-duplex data channels 
along with eight end-to-end RS-232 control signals onto a 
single pair of telephone wire for distances up to 2 km. 
Motorola's Universal Digital Loop Transceivers (MC145422/ 
26 UDLTs) master/slave high-speed synchronous data trans- 
ceivers and Data Set Interface (MC145428 DSI) full-duplex 
asynchronous to synchronous converter form the heart of this 
multiplexer. A few MSI CMOS ICs complete the design. 

Figure 1 illustrates a typical system with the terminals in a 
departmental situation multiplexed onto one high-speed data 
link. RS-232 control signals are passed transparently through 



the multiplexer so the terminals have direct access to the 
controls of the modems. This multiplexer system transports 
one control signal bidirectionally for each data channel. As 
will be described below, other configurations may easily be 
constructed with simple wiring changes. 

CHARACTERISTICS OF THE UDLTs 

The UDLTs are synchronous data transceivers capable of 
transporting 80 kbps of full-duplex data over ordinary twisted 
pair 26 to 1 9 gauge telephone wire at distances of up to 2 km. 
These devices utilize a 256 kilobaud MDPSK ping-pong burst 
modulation technique for transmission. Three logical data 
channels, one of 64 kbps and two of 8 kbps each are 
exchanged in bursts of 10 bits every 125 ^lS frame. MDPSK 
timing is shown in Figure 2. The master initiates a ping-pong 
frame by bursting 1 bits of data to the slave beginning on the 
rising edge of an externally generated Master Sync Input 
(MSI). The modulator's analog output signal (L01, L02) is 
shown referenced to MSI. Upon receiving the last bit from the 
master, the slave responds with a 10 bit burst of its own after a 
four baud delay. The slave's modulator output (LOI, L02) is 
shown referenced to its own Transmit Enable 1 (TE1). 
Depending on the transmission line characteristics and 
length, the actual time of arrival of the slave's return burst at 
the master will vary due to the propagation time of the signal 
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Figure 1 . Typical Multiplexer Application 
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Figure 2. UDLT Timing 



between UDLTs. On excessively long lines, propagation time 
down the transmission line results in collisions between the 
master and slave bursts so maximum line length is limited to 
2 km with 26 gauge wire. The slave's TE1 is generated 
internally upon completion of demodulation of the burst from 
the master. TE1 remains high for eight data clock (128 kHz) 
periods and returns low until another burst is received. This 
process is repeated every 1 25 /us. Since both master and slave 
devices exchange data every frame in a half-duplex manner at 
a 256 kilobaud rate, an effective full-duplex rate of 80 kilobaud 
is accessible to the user. 

The bursts of data on the transmission line use Modified 
DPSK signals to reduce EMI and susceptibility to crosstalk 
from other signals in telephone cables. The frequency spec- 
trum consists of peaks at 128 kHz and 256 kHz and their odd 
harmonics. Only a small amount of energy is present in the 
frequency bands used by analog telephone service, so UDLT 
signals may be placed on adjacent pairs in cables with 
ordinary telephone signals with no degradation of perform- 
ance. The power spectral density at 76 kHz is approximately 
1 8 dBm and at 28 kHz the level is less than -30 dBm. Because 
there is no signal energy at very low frequencies, dc energy 
may be transported on the transmission line to power the 
remote multiplexer unit. Details of this feature will be 
described later. 

The UDLTs have internal buffers to store and prepare 
synchronous data for transmission. Eight bits for the 64 kbps 
channel are serially input and output every 1 25 /xs frame. The 
two 8 kbps channels each have one bit input and output every 
frame. The master and slave UDLTs synchronous timing is 
shown in Figures 3 and 4 respectively. Both figures illustrate 
the transmit and receive timing for the eight bit words on Tx 



and Rx, and the timing for the two signalling bits, both inputs 
(SI1, SI2) and outputs (SOI, S02). 

The master UDLT timing shown in Figure 3 requires 
external timing signals of 8 kHz for MSI, TE1 , RE1 , and 64 kHz 
up to 2.56 MHz may be used for the TDC/RDC pin. This 
application uses 128 kHz. Eight bits of the 64 kbps data 
channel received from the slave are output on the Tx pin on 
the first eight rising edges of TDC/RDC while TE1 is high. 
Data to be sent to the slave is input on the Rx pin on the first 
eight falling edges of TDC/RDC while RE1 is high. In this 
application TE1 and RE1 are connected together so data is 
input and output simultaneously. Data on the 8 kHz signalling 
channels are input on SI1 and SI2 pins and output on SOI and 
S02 pins on MSI's rising edge. 

The slave UDLT timing (shown in Figure 4) is similar to the 
master except that the slave synchronizes to the master's 
bursts and generates its own clocks and enables. The eight 
bits of the 64 kbps data channel received from the master are 
presented on the Tx pin on the rising edges of CLK while TE1 is 
high. Data to be transmitted to the master is loaded in on the 
Rx pin on the falling edges of CLK while RE1 is high. Signalling 
bits on the 8 kbps channels to and from the master are input at 
SI1, SI2andoutput at SOI, S02 on TEl's rising edga_ 

The master UDLT has pin controlled Power-Down (PD) and 
Loop-Back (LB) features which can be used for system testing. 
Also available on the master is Signal Insert Enable (SIE) 
which enables the insertion and extraction of an 8 kbps 
channel into the LSB of the 64 kbps channel. In this 
application SIE is unused and held low. The signal enable pin 
(SE) is a three-state control pin which when held high enables 
PD, LB, and the two signalling bits (SOI and S02) allowing 
these signals to be bussed to a microprocessor. 
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Figure 5. Master Unit interconnect 
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Figure 6. Slave Unit Interconnect 



TRANSFORMER INTERFACE 

The duplexer function, separating transmit and receive 
bursts on a single twisted pair wire is automatic with UDLTs. 
The receiver input is blanked while the transmitter is active so 
the transmitted signal is ignored by the demodulator circuits. 
The receiver unblanks when the transmitter finishes its burst 
to search for the return burst from the other end. Automatic 
duplexer action allows a simple transformer to be used for the 
interface between the transmission media and UDLTs shown 
in Figures 5 and 6. The transformer Tx winding and the 
associated padding network match the transmitter output to 
the impedance of the transmission line. The Rx winding steps 
up the signal from the far end to compensate for the loss in the 
matching network. The characteristic impedance of twisted 
pair telephone wire in the frequency range used by the UDLTs 
is approximately 1 lOohms. Matching this impedance requires 
resistors of 220 ohms in each leg of the Tx winding. The 
impedance of 440 ohms when transformed through a 2:1 
turns ratio results in a match to 1 10 ohms. 1 2 dB of loss is also 
introduced. The 1 2 dB is made up in the Rx winding which has 
a 4:1 step-up from line to receiver input. 

Protection of the UDLTs against transients induced onto the 
transmission line is accomplished by adding clamp diodes to 
the padding networks. It is convenient to split the 220 ohm 
resistors into two 1 10 ohm resistors and place the clamps at 
the junction of the resistors. The same technique is used at 
the receiver inputs. 

CHARACTERISTICS OF THE DSI 

The DSI is a device which provides full-duplex asyn- 
chronous to synchronous conversion. It allows the user to 
select asynchronous data formats and baud rates. The 
synchronous port has selectable timing for easy interfacing to 
a variety of systems. The asynchronous port characteristics 
are controlled by the Stop Bit select (SB), Data Length select 
(DL), Baud Rate select (BR1-BR3) pins. Synchronous data is 
under the control of the Data Output Enable (DOE), Data Input 
Enable (DIE), Data Clock (DC), and Clock Mode (CM) pins. 
Asynchronous data is sampled at 1 6 times the selected baud 
rate. Logic circuits search the asynchronous data for a start 
bit, eight or nine data bits and one or two stop bits. When valid 
start and stop bits are found, they are removed from the 
character and the remaining eight or nine data bits are loaded 
into the transmit FIFO for transmission on the synchronous 
port. The Tx Status pin goes low when the transmit FIFO is 
more than half full. This signal may be used for a local Clear- 
To-Send indication to the data device on the asynchronous 
port. Special characters are generated and transmitted on the 
synchronous port to synchronize the receiver of the remote 
DSI to the character boundaries. At the remote DSI syn- 
chronous data is reassembled into eight or nine bit characters, 
start and stop bits are added and the data is transmitted out on 
the asynchronous port. 

Since start and stop bits are removed from the asyn- 
chronous data before transmission on the synchronous port, 
some data compression is achieved. For example, asyn- 
chronous data at 9600 baud with eight data bits and one stop 
bit is compressed to 7680 baud on the synchronous channel. 
This makes possible the use of an 8 kbps synchronous 
channel to transport 9600 baud data. However, since sync 
and break characters consisting of data patterns 01111110 
and 11111110 respectively are exchanged between DSIs 



every so often, the effective data compression is somewhat 
reduced. Zero bit insertion on the synchronous data between 
DSIs is used to eliminate the possibility of data imitating either 
of these characters (the inserted zeros are removed by the 
synchronous receiver). The multiplexer allocates the UDLTs 
64 kbps synchronous channel to each DSI for one 125 ijls 
ping-pong frame out of every 1 ms data frame. This results in 
an 8 kbps synchronous channel for each DSI. Under certain 
circumstances, with binary data, zero insertion may cause the 
transmit FIFO to overrun. If hex 'FF' characters are input to the 
DSI on the asynchronous port at 9600 baud with minimum 
time between characters, inserted zeros and sync characters 
cause the effective data rate to increase from 7680 baud to 
approximately 9400 baud. Since the synchronous channel 
supports only 8 kilobaud, an overrun of the Tx FIFO will 
occur. The TxS pin will go low approximately 5 ms before an 
overrun occurs and this indication may be used to stop the 
flow of new asynchronous data until the FIFO clears out. 
When ASCII data is used, only 6 characters (>(3E hex), 
?(3F hex), l(7C hex), ~(7E hex), DEL(7F hex), and Blank(7D hex)) 
generate stuffed zeros. Fortunately, it is unlikely that these 
characters will be sent in large enough groups to cause FIFO 
overruns. In applications where ASCII data is transported, 
eight 9600 baud channels may be multiplexed onto this 
system's 64 kbps synchronous channel. If binary data is 
transported, a 16 kbps synchronous channel must be allocated 
for each DSI, resulting in a four channel multiplexer. This 
guarantees that even with maximum zero insertions, FIFO 
overruns will not occur. 



OCTAL MULTIPLEXER SYSTEM DESCRIPTION 

This multiplexer system fully exploits the DSI chips and the 
UDLTtransceiver pair. The UDLTs 64 kbps channel transports 
the synchronous data from the DSIs. One of the UDLTs 8 kbps 
channels is used to synchronize the multiplexing of the eight 
data channels, and the other 8 kbps channel is used to 
transport eight RS-232 control signals. 

The multiplexer system consists of two units, a master and 
a slave. Figure 5 illustrates the interconnection of the various 
devices within the master unit. The transformer interface to 
the twisted pair is shown with the previously described 
impedance matching and protection circuitry. The master 
UDLT is shown with the Tx, Rx lines along with the 128 kHz 
and the 4.096 MHz clocks bussed to the eight DSIs. The data 
channel enables and signalling lines are shown connecting 
the DSIs and the RS-232 driver/receivers to the sequencing 
and signalling block. Each DSI is shown configured for 9600 
baud with eight bit character lengths and one stop bit which 
may be made switch selectable, if desired. 

Figure 6 shows the complementing slave unit. Protection 
circuitry and the transformer interface are the same as the 
master unit. The slave UDLT generates its own clocks derived 
from an on-chip crystal oscillator circuit. An inverter is used to 
drive the eight clock inputs to the DSIs. Also shown is the 
sequencing and signalling interconnect to the DSIs and the 
RS-232 driver/receivers. 

Circuitry in the sequencing and signalling blocks is shown 
in Figures 7 and 8 for the master and slave units respectively. 
All pertinent timing of the multiplexer system is shown in 
Figure 9. Master timing is shown in the top section, master 
and slave bursts on the twisted pair are shown on the line 
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labeled Transmission Line'. Slave timing is illustrated on the 
bottom half of the figure. 

Clocks for the master UDLT are created by a 1 2-stage ripple 
counter (MC74HC4040) which is driven by a 4.096 MHz 
crystal oscillator. Taps at Q1, Q5, and Q9 create the 2.048 
MHz (CCI), 128 kHz (TDC/RDC) and 8 kHz (MSIJE1,RE1) 
clocks respectively. Inverters are needed on each line so the 
rising edges coincide. A pulse which synchronizes the master 
and slave data channel sequencing circuitry is generated 
when a count of is reached by Q10, Q11, and Q12 of the 
ripple counter. This pulse is shifted through the enable shift 
register (MCI 401 5B) to create eight non-overlapping enables 
for the DSIs. A latch (MC1401 3B) is used to delay the pulse so 
that it can be properly input into S1 1 of the UDLT on the next 
rising edge of MSI. The delayed pulse on SI1 and the data 
channel enables (CH0-CH7 DOE, DIE) are shown on the 
timing diagram. RS-232 control data is routed to a latch by an 
addressable data selector (MC14051B). RS-232 control data 
received from the slave unit is written into an addressable 
latch (MC14051 B). Notice that the first QO of the shift register 
is the enable to the DSI of data channel 1 . Since the sync pulse 
arrives at the input of the shift register slightly after the clock, 



a one-channel offset is used to address the proper channel. 
This offset is transparent to the system. 

Data input on the Rx pin of the UDLT is buffered until the 
next rising edge of MSI, when it is burst out on the 
transmission line. Data on SI1 and SI2 are latched in on the 
rising edge of MSI and transmitted in the burst which was 
initiated by that MSI edge. The bursts from the master (boxes 
with M) and the return bursts from the slave (boxes with S) on 
the twisted pair wire are illustrated on the Transmission 
Line'. The numbers indicate which channel's data is trans- 
ported in that burst. 

The system sync pulse arrives at the slave unit on the SOI 
pin of the UDLT (Figure 8). It is shifted through a shift register 
(MC14015B) which is clocked by the RE1 pin. The Q's from 
this shift register enable the transmission of data from the 
DSIs to the UDLT. The sync pulse is delayed and shifted 
through another shift register clocked by TE1 . The Q's from 
this shift register enable the DSIs to accept data from the 
UDLT. RS-232 control data is handled in the slave unit in a 
similar manner as the master with a data selector and an 
addressable latch. Simply offsetting the connections to the 
RS-232 driver/receivers realigns the data to the proper 
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channels eliminating any superfluous circuitry. Offsetting the 
connections to the data selector (MC14051 B) similarly aligns 
the channels so that the data arrives at the master in the 
correct time slot. Following the channels on the timing 
diagram illustrates the concept. 

ADDITIONAL CONSIDERATIONS 

This multiplexer design is quite modular. If RS-232 control 
signalling is not desired then the circuitry can be simplified by 
removing the write pulse generator (l\/IC14022B), addressable 
latches (MC14099B) and data selectors (MC14051B) from 
both units. The address generator (MC141 63B) on the slave 
unit may also be removed. In applications where data rates of 
less than 9600 baud are used, the Baud Rate select pins on 
the DSIs need simply be reconfigured. A DIP switch can be 
conveniently used to set the Baud Rate, Data Length and Stop 
Bit pins on the DSIs. Note that the DSIs must not be set for 
1 9.2 or 38.4 kilobaud when eight channels are multiplexed. If 
data rates higher than 9600 baud are desired, the individual 
data channels must be serviced more often by the UDLT 
Because the high-speed synchronous channel between 
UDLTs is 64 kbps, the total bandwidth required by all of the 
channels must be at or below 64 kbps. The multiplexer may 
also be converted into a single channel limited-distance 
modem where data rates of up to 56 kbps can be attained. 



This multiplexer, because it is all CMOS, consumes only 
about 1 75 mW per unit. One of the units may be powered by 
dc energy transported on the transmission line itself eliminat- 
ing a power cord. The line interface transformer is designed to 
pass dc energy by separating the two line windings and 
installing a 1 fxf capacitor between pins 2 and 3. Now, dc 
current may be passed to the twisted pair. A switching power 
supply may be installed in the remote unit to convert the line 
power to voltage levels useable by the digital circuitry. Recall 
that the dc resistance of 2 km of 26 AWG wire is approximately 
575 ohms. This necessitates a relatively high voltage on the 
sending side to keep the I^R losses in the twisted pair to a 
tolerable level. Usually 36 to 40 volts is satisfactory to furnish 
enough voltage to the remote unit. Since the transmission 
line is balanced, there is no ground reference between master 
and slave units, dc power to the twisted pair must be fed from 
an isolated winding on the mains transformer, so that a 
ground reference may be established at the remote unit. 
Connecting the ground references of the two units through 
the twisted pair will result in poor data performance due to 
longitudinal currents in the line. 
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THE APPLICATION OF A DUPLEXER 



The purpose of this document is to explain the application 
and operation of a duplexer circuit, to show how to balance a 
duplexer, and to discuss the duplexer's operation analysis 
when used with two different transformers and with variable 
components. 

The duplexer circuit shown in Figure 1 is a fundamental 
circuit that is used to help reject the transmit energy from the 
receive signal. The circuit in Figure 1 is set up for a standard 
600 ohm system. 

This circuit eliminates the transmit signal from the receiv- 
ing point by sending a combination of both signals into the 
inputs of a differential amplifier. This tends to cancel out the 
transmit signal leaving only the receive signal. A signal is 
transmitted into Pin 3, the noninverting input, while a signal 
is being received across Pins 5 and 8 of the transformer, from 
the same Hne. There is a 600 ohm impedance when looking 
into Pins 1 and 4 of the transformer. With Rl tweaked to ap- 
proximately 600 ohms, a voltage divider network is estab- 
lished with the 600 ohm impedance of the transformer. Thus, 
the signal at the noninverting input. Pin 5, is Rx + (Tx/2). 
The signal at the inverting input. Pin 6, is Tx/2 due to the 
virtual ground concept. When these inputs are added 
together, the transmit signal cancels leaving Rx, the receive 
signal, at the output Pin 7. 

There are" several ways of balancing or tuning duplexers 
but only one technique will be explained for this application. 
The transmit Pin 3 is grounded while a 600 ohm signal source 
with a predetermined level and frequency is connected to 
Pins 5 and 8 of the transformer. A signal with a level of 
- 10 dBm (0.6938 Vp-p) and a frequency of 1700 Hz was 
used in this circuit. Rl is then tweaked such that the voltage 
across Pins 5 and 8 of the transformer is half the signal 
voltage or until there is exactly a 6 dB loss across Pins 5 and 
8, (i.e., - 16 dBm at Pins 5 and 8). Next, the 600 ohm signal 
source set at the same level and frequency is connected to Tx 
(Pin 3) across a 10 kilohm resistor. A 600 ohm resistor is con- 
nected to Pins 5 and 8 of the transformer. Then, R2 is 
tweaked until there is a minimum signal at Rx. Next, several 
different values of capacitance are tried for CI until the 



smallest null is found at Rx. Once the best value of 
capacitance has been found, the duplexer has been balanced 
for that particular input signal and the best possible rejection 
of the transmission signal to the receive signal has been 
found. This is called the Transhybrid Rejection and is shown 
with different values of capacitance in Figure 2. 

There are several noisy signals that this duplexer can not 
eliminate at the receive Pin 7. For instance, deflection of the 
transmit signal off of the transformer returns out of phase 
and tends to leak through onto the receive signal. For this 
particular circuit, curve 1 shows the best rejection over the 
spectrum. 

It is worth noting the difference in performance of this 
duplexer with respect to the type of transformer used. The re- 
jection versus frequency plot shown in Figure 2 was the result 
obtained when the Midcom 671-0018 was incorporated. This 
transformer has winding resistances of 14 ohms on the 
primary coil and 18 ohms on the secondary. The same test 
was run with a different transformer (Midcom 671-0915) and 
the results are shown in Figure 3. This transformer has wind- 
ing resistances of 178 ohms on the primary coil and 67 ohms 
on the secondary coil giving it a much larger insertion loss 
than the Midcom 671-0018. This difference is displayed in 
Figure 3 as there is not as much rejection with the Midcom 
671-0915 over the spectrum as with the Midcom 671-0018 
(Figure 2). 

It can be seen from Figures 2 and 3 that changing the 
capacitance changes the amount of rejection. This is due to 
the fact that the coil (Pins 1 and 4) not only has a resistance 
but also has an inductive reactance. If there is not a proper 
sized capacitance in parallel with this inductance, then the 
overall impedance of the coil increases. This impedance 
changes the voltage divider with Rl which in turn allows a 
larger Tx at Pin 5 which is slightly out of phase with the 
Rx + Tx/2 at Pin 6. This allows more leakage of the transmis- 
sion onto the receive signal thus decreasing the rejection. 
This difference between the size of the capacitance and the 
type of transformer to use is a tradeoff which is left to the 
designer's judgement. 
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IC trio simplifies 
speech synthesis 



Earle West, Product Engineer 
Telecomm Product Engineering 
Motorola Inc. 

MOS Integrated Circuits Group 
3501 Ed Bluestein Blvd. 
Austin. Texas 78721 



Despite the emergence of special-purpose speech 
chips, the details of adding voice output to a system 
are still foreign to most designers. However, they 
should be happy to learn that highly intelligible 
speech is possible using a low-cost microprocessor 
and three readily available integrated circuits. 

The speech peripheral, which contains an MC3417 
continuously variable-slope delta modulator-demod- 
ulator, an MC145414 tunable, dual switched- 
capacitor, low-pass filter, and an MC14040 counter, 
encodes analog signals into a serial bit stream at a 
rate of 15,625 bits/s (Fig. 1). The bit stream is then 
stored in CPU memory. On demand, the peripheral 



will reproduce an analog signal well enough to be 
understood easily by an untrained listener. 

Such a speech peripheral will enhance the I/O 
capability of industrial systems, consumer service 
systems, and games tremendously. Although more 
CPU memory is required than for linear predictive 
coding, stored words are easily changed than with 
LPC. Furthermore, no special memories or com- 
plicated calculations are required and no special- 
purpose synthesizer chips are needed. The encoded 
speech signals are simply recorded into and played 
out of CPU memory as any other data. Even the 
software is simple: words can be packed into ROM 
or a disk and need only be selected by the 
microprocessor software for output. 

Since the three-IC circuit is designed for speech 
applications, the bandwidth ranges from 500 Hz to 
3.7 kHz (Fig. 2). However, different filter time 
constants, data rates, and integrator designs can 
change the frequency range and with it the circuit's 
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1 . At the heart of a three-chip speech peripheral is an IVIC341 7 continuously variable-slope delta modulator- 
demodulator, which converts an audio waveform into a serial bit stream. The second and newest of the 
three is an MC145414 dual switched-capacitor low-pass filter with on-board operational amplifiers. An MC14040 
12-bit binary counter completes the trio. 
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2. The switched-capacitor low-pass filter limits both input and 
output frequencies to about 3.7 kHz, as reflected by the 
system frequency response curve. Inputfrequencies are 
limited to prevent aliasing; filtering the output smooths it out. 
Bandwidth for the circuit ranges from 500 Hz to 3.7 kHz. 



application. The tradeoffs made for this circuit make 
it suitable for many industrial applications as well. 

About the key chip 

Of the three ICs, the key one is the CVSD 
modulator-demodulator. On board, a current-con- 
trolled integrator generates a ramped voltage to 
linearly approximate the encoded analog waveform 
in piecewise fashion. Whenever the ramped voltage 
becomes greater than the input voltage, an on-board 
comparator switches the direction of the ramp. 
Digitally, an increasing slope is represented by a 1; 
a decreasing slope, by a 0. This process is called delta 
modulation because the slopes change, or delta, is 
detected. However, the MC3417 does more than 
simple delta modulation; it performs what is called 
continuously variable-slope delta modulation (and 
demodulation). Thus the slope of the ramp voltage 
—that is, the gain of the chip's integrator— is in- 
finitely variable. This way, in tracking the analog 
input voltage, the output slope can change more 
quickly when changes in the analog input demand 
it. As a result, tracking is more accurate than with 
any constant-slope delta modulation scheme. 




Ui = MC3417 modulator/demodulator 
Uz = MC145414 filter 
Us = MC14040 counter 



3. A continuously variable slope gives the MC341 7 the accuracy to reproduce analog signals. When necessary, 
the syllabic filter changes the rate of integration and with It the slope. The three basic chips, a simple audio 
amplifier, and a microprocessor interface complete the speech peripheral circuit. 
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The MC145414 contains two filters and two opera- 
tional amplifiers. One filter provides anti-aliasing by 
cutting off input frequencies above 3.7 kHz. It has 
a gain of 18 dB. The other filter smooths output noise, 
but has no inherent gain. One of the chip's on-board 
operational amplifiers augments the signal from a 
microphone to about 1 V rms to drive the MC3417's 
comparator input. At the output, a second op amp 
and several discrete components drive an S-il 
speaker. 

The MC145414 uses switched-capacitor filters, 
which need no precise external components for 
accurate, low-pass analog filtering. Both filters are 
five-pole, elliptic, low-pass types whose cutoff fre- 
quency depends on the sampling clock frequency. 

For producing speech, the break frequency (3.7 
kHz) requires a 125-kHz clock. The clock is generated 
by the third IC, a CMOS MC14040 divider, and 
a 1-MHz master clock derived from the CPU. The 
three ICs interface with a CPU system, in this case, 
through an MC6821 peripheral interface adapter 
(PIA). 

Figure 3 details the entire speech circuit and its 
two functions: encoding the analog signal into a serial 
bit stream for the CPU to record and decoding the 
bit stream into a reconstructed analog waveform. 
Switch Si determines which function to perform by 
supplying a corresponding level to both the CPU and 
the CVSD chip. 

When switched to encode, analog signals from the 
microphone are amplified and filtered by one of the 
op amps and a low-pass filter on board the MC145414. 
The filtered audio is then fed to the MC3417, where 
the analog-to-digital conversion produces the serial 
bit stream. Each high bit means the integrator slope 
is positive, and each low signals a negative slope. 
Later, the stored bits are used to control the inte- 
grator, whose output approximates the audio signal. 
In this way, the integrator uses straight lines to 
reconstruct the original analog waveform. 

Thus, when the circuit is set to decode— that is, 
to output speech— the sequence of bits that 
translates the serial bit stream into a linear approx- 
imation of the original audio is fed to the MC3417, 
which sends it to the second low-pass filter and op 
amp on board the MC145414 to smooth out the 
sequence of linear approximations and provide 
enough gain to drive a loud-speaker. As a result, with 
the CPU selecting the sequence of bits (representing 
words) previously stored in memory, spoken sen- 
tences are put out through the peripheral. 

Since the speech quality is dramatically affected 
by the sampling rate, the feedback loop gain, the 
signal level, and the filtering, there is room to tweak 
and adjust the sound to suit an application. The 
circuit represents several tradeoffs to produce highly 



intelligible speech using a reasonable amount of CPU 
memory for speech storage, yet requires reasonably 
few readily available parts. 

For example, the transfer function in this applica- 
tion has two poles— one at 160 Hz and one at 280 
Hz— and a zero at 4.0 kHz. The pole at 160 Hz 
provides the long time constant necessary for follow- 
ing relatively linear portions of the original analog 
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4. The speech peripheral and the controlling microprocessor 
communicate through a peripheral interface adapter. In 
addition, clocking and serializing are software tasks, but 
since the transfer of data between the program and the 
peripheral is asynchronous, changing the software does not 
create a timing problem. 
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5. Conspicuous by its small size, the program for running the 
speech peripheral circuit performs both encoding and 
decoding functions in 84 lines, including comments. The 
routine "reads" the encoding-decoding switch position and 
branches to the corresponding routine. 



waveform; the pole at 280 Hz prevents instantaneous 
reversals of the integrator's output voltage. The 
latter action avoids a sawtoothlike peak at extreme 
values of the audio sine wave, which enables the 
output to follow rapid changes in the audio waveform 
more closely. 

Finally, the zero at 4.0 kHz improves the phase 
margin of the MC3417's feedback loop. In a simple 
delta modulation-demodulation system, the slope of 
the output signal used to approximate the input is 
constant. Acceptable speech quality, however, calls 
for a continuously variable slope— one that increases 
or decreases with the input. The MC3417 performs 
continuously variable slope modulation and de- 
modulation so that the slope of the approximating 
line segments depends on the last three bits clocked 
into the decoder. 

To do that, the MC34irs internal 3-bit shift regis- 
ter monitors the serial bit stream of the comparator. 
If the comparator detects a series of three or more 
Is or three or more Os in a row, its coincidence pin 
will go active and the slope of the integrator's output 
line segments will be made slightly steeper. If three 
or more consecutive Is or Os are detected, a capacitor 
off the chip will charge up, and the control current 
of the integrator will be increased continuously. 

When the stream of all Is or all Os ends, the 
capacitor is discharged by an external resistor (Rn), 
which, with capacitor Cg, forms a so-called syllabic 
filter. (Incidentally, the values of R and C are not 
critical and in this application, the time constant 
provided by the pair is 50 ms.) 

Simple software 



As Fig. 4 indicates, the software to record and play 
speech using this peripheral is simple. The assembly 
listing for an MC6800 system is given in Fig. 5. In 
this case, a switch on the CPU board selects the 
encoding or decoding by setting a high or low level, 
respectively, at pin 14 of the PIA and pin 15 of the 
CVSD chip. The encoding routine reads bits serially 
from the peripheral, performs serial-to-parallel con- 
version, and saves the encoded data in memory. The 
program operates asynchronously with the 
peripheral, allowing different clock rates without 
changing the software. The CPU simply waits for 
a data clock edge, then reads the data. The decoding 
routine works in the same way. The CPU waits for 
a data clock edge, then sends a bit from memory to 
the peripheral, which converts it into speech. D 



"Reprinted with permission from Electronic Design, Vol. 30, No. 11; copyright Hayden Publishing Co., Inc., 1982." 
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Turn I/O data port into speech port 



Earle West and Al Mouton 

Motorola Inc, Austin, TX 



This low-cost, low-power fiP peripheral circuit 
(figure) converts an 8-bit I/O data port into a 
high-quality speech port, using continuously varia- 
ble slope-delta (CVSD) modulation to encode and 
decode waveforms per |xP direction. The piP can play 
back any segment of recorded speech; 1 sec of 
intelligible speech requires ~1.5k bytes of memory. 
You can trade off between voice quality and memory- 
storage requirements by adjusting the data-clock 
rate for the CVSD chip. 
To encode speech, an MC145414 CMOS dual 



switched-capacitor filter/dual op amp (Ue) buffers 
the signal and band-limits the input to —2.9 kHz. U5, 
an MC3417 linear CVSD modulator/demodulator, 
encodes the CVSD word and creates a bit stream at 
~12k bps. This serial bit stream loads into U4, where 
the fxP reads it in parallel. 

For decoding and outputting speech, the jiP loads 
the MC14014 8-bit shift register (U4) with parallel 
data. U4 shifts the data to U5 for CVSD decoding. Ue 
performs low-pass filtering and buffers the resultant 
voice waveform. 

CMOS ICs Ui, U2 and U3 clock the filter and CVSD 
chips, and U7 drives a loudspeaker. Four control 
lines connect with the |xP to control data direction 
and synchronize data clocking. EDN 



^^5>^''^T^?i>^^ 



f12V 




CLK ^°° 

Q5 




»-♦ <15k 'T' 



NOTES: 

ENCODE MODE: DATA CAN BE 
READ FROM SHIFT REGISTER 
AFTER NEGATIVE CLOCK EDGE, 
ONLY STABLE FOR 30mSEC 
DECODE MODE: DATA SHOULD BE 
LOADED INTO PIA AFTER POSITIVE 
CLOCK EDGE AND BE STABLE 
BEFORE NEGATIVE CLOCK EDGE 
U, = MC14069 
U2 = MC14040 
U3 = MCI 4538 
U4 = MCI 4034 
U5 = MC3417 
U8 = MC145414 
RESISTORS ='/.W, 5% 




This 8-blt speech circuit encodes and decodes analog waveforms. Adjust the data-clock rate to trade off between voice quality 
and memory overhead. 



"Reprinted from EDN, May 26, 1982, Copyright 1982; Cahners Publishing Company" 
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A Mode Indicator for the 
MC34118 Speakerphone Circuit 



Prepared by: Dennis Morgan 

Introduction 

In most applications involving a normal conversation, the 
operating mode (receive, transmit, idle) of the MC34118 
speakerphone 10 is obvious to the users of the 
speakerphone. There are some applications, however, 
where it is beneficial to have an indication of the operating 
mode. This indication may have to be visual, or logic levels to 
a microprocessor or other circuitry. This application note 
describes how to create a mode indicator for use with the 
MC3411 8 speakerphone circuit. 

Concept 

Within the MC34118 are two comparators driven by the 
level detectors which are sensing the speech signals (see 
MC34118/D Data Sheet, Figure 24). The comparators' 
outputs drive the attenuator control block which sets the 
operating mode. The circuit described below parallels the 
internal comparators with external ones. 

Circuit 

Figure 1 shows the additional circuitry. The two 
comparators parallel the two which are inside the 10, located 
at the outputs of the level detectors. Output A will be high 
when the level detectors on the left side sense a transmit 
condition, and low when they sense a receive condition. 
Output B has the opposite polarity. 

Figure 1. Mode Indicator Circuit 




The two 1 .5 MQ resistors create a slight offset by draining 
a trickle current out of Pins 1 9 and 24 in order to well define 
the Idle state. This is necessary due to the fact that when in an 
idle state (no signal on either side) TL02 and RL02 will be 
very similar In voltage (within a few millivolts of each other). 
The same is true of TL01 and RL01. This, coupled with the 
normal offset which exists at the comparator inputs, would 
make it difficult to predict the state of the A and B outputs 
during idle. 

Table 1 defines the comparator outputs. The fast idle 
mode is uncommon, occurring rarely. Only the slow idle 
mode is of concern here. 

Table 1 



Mode 


Output 


A 


B 


Transmit 
Receive 
Slow Idle 
Fast Idle 


High 
Low 
High 
Low 


Low 
High 
High 
Low 



Circuit Variations 

The outputs (A and B) In Figure 1 can be connected to 
additional circuitry in a variety of ways. Figures 2 to 4 provide 
a few suggestions. In Figure 2, the A and B outputs are simply 
directed to a microprocessor for decoding. In Figure 3, LED A 
will be ON in the receive mode, and LED B will be ON in the 
transmit mode. In Figure 4, the outputs are decoded to 
provide an idle/non-idle indication, and a Transmit/Receive 
indication. Another alternative is to drive LEDs from the 
decoded outputs of this circuit. 

The value of the pull-up resistors at the comparator 
outputs depends on the circuit which follows the 
comparators. When driving CMOS logic, for example, 43 kQ 
resistors are adequate. 
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When driving LEDs, they must generally be under 
1 .0 kQ, depending on the specific LEDs which must be 
illuminated. If the circuit is phone-line powered, the pull-up 
resistors must be as high a value as possible to minimize 
the drain on the loop current. 

The LM393 comparator was chosen due to its low input 
bias current, as well as its low supply current and input offset. 



The low bias current is very necessary so as to not upset the 
level detector outputs any more than absolutely necessary. 
The resistors at the level detector inputs (Pins 1 7, 20, 23, 26) 
will generally have to be readjusted slightly after adding the 
Figure 1 circuit to compensate for the slight offset which has 
been added to the system. In most cases, it will be necessary 
only to slightly increase the resistor at TL12 (Pin 17). 



Figure 2 




To 
Microprocessor 



Figure 3 





Figure 4 



Non-Idle 
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PHASE-LOCKED LOOP DESIGN FUNDAMENTALS 



INTRODUCTION 

The purpose of this application note is to provide the 
electronic system designer with the necessary tools to 
design and evaluate Phase Locked Loops (PLL) configured 
with integrated circuits. The majority of all PLL design 
problems can be approached using the Laplace transform 
technique. Therefore, a brief review of Laplace is included 
to establish a common reference with the reader. Since 
the scope of this article is practical in nature all theoretical 
derivations have been omitted hoping to simplify and 
clarify the content. A bibliography is included for those 
who desire to pursue the theoretical aspect. 



PARAMETER DEFINITION 

The Laplace Transform permits the representation of 
the time response f(t) of a system in the complex domain 
F(s). This response is twofold in nature in that it contains 
both the transient and steady state solutions. Thus, all 
operating conditions are considered and evaluated. The 
Laplace transform is valid only for positive real time linear 
parameters; thus, its use must be justified for the PLL which 
includes both linear and nonlinear functions. This justifi- 
cation is presented in Chapter Three of Phase Lock 
Techniques by Gardner.! 

The parameters in Figure 1 are defined and will be used 
throughout the text. 
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X «e(s) 


G(s) 




J 


>^o^^' 








H(s) 














d](s) 


Phase input 






0e(s) 


Phase error 
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Product of the individual feed 
forward transfer functions 






H(s) 


Product of the individual feed- 
back transfer functions 





FIGURE 1 - Feedback System 



Using servo theory, the following relationships can be 
obtained. 2 

^i(s) (1) 



^e(s) = 
^o(s) = 



1 + G(s) H(s) ^ 
G(s) 



l+G(s)H(s) ^ 



^i(s) 



(2) 



These parameters relate to the functions of a PLL as 
shown in Figure 2. 
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FIGURE 2 - Phase Locked Loop 
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The phase detector produces a voltage proportional to 
the phase difference between the signals d[ and Oq/N. This 
voltage upon filtering is used as the control signal for the 
VCO/VCM (VCM - Voltage Controlled Multivibrator). 

Since the VCO/VCM produces a frequency proportional 
to its input voltage, any time variant signal appearing on 
the control signal will frequency modulate the VCO/VCM. 
The output frequency is 



fo = Nfi 



(3) 



during phase lock. The phase detector, filter, and VCO/ 
VCM compose the feed forward path with the feedback 
path containing the programmable divider. Removal of 
the programmable counter produces unity gain in the feed- 
back path (N = 1). As a result, the output frequency is 
then equal to that of the input. 

Various types and orders of loops can be constructed 
depending upon the configuration of the overall loop 
transfer function. Identification and examples of these 
loops are contained in the following two sections. 

TYPE - ORDER 

These two terms are used somewhat indiscriminately 
in pubhshed literature, and to date there has not been an 
established standard. However, the most common usage 
will be identified and used in this article. 

The type of a system refers to the number of poles of 
the loop transfer function G(s) H(s) located at the origin. 
Example: 



let G(s)H(s) = 



10 



s(s+10) 



(4) 



This is a type one system since there is only one pole at 
the origin. 

The order of a system refers to the highest degree of 
the polynomial expression 



l+G(s)H(s) = O^C.E. 



(5) 



which is termed the Characteristic Equation (C.E.). The 
roots of the characteristic equation become the closed loop 
poles of the overall transfer function. 
Example : 



G(s)H(s) = 



10 



s(s+10) 



then 



l+G(s)H(s)=l + - 



10 



s(s + 10) 
therefore 

C.E. = s(s+10)+10 
C.E. = s2 + 10s + 10 



(6) 

(7) 

(8) 
(9) 



which is a second order polynomial. Thus, for the given 
G(s) H(s), we obtain a type 1 second order system. 



ERROR CONSTANTS 

Various inputs can be applied to a system. Typically 
these include step position, velocity, and acceleration. The 
response of type 1,2, and 3 systems will be examined with 
the various inputs. 

0e(s) represents the phase error that exists in the phase 
detector between the incoming reference signal d[(s) and 
the feedback 0o(s)/N. In evaluating a system, 0e(s) must 
be examined in order to determine if the steady state and 
transient characteristics are optimum and/or satisfactory. 
The transient response is a function of loop stability and is 
covered in the next section. The steady state evaluation 
can be simplified with the use of the final value theorem 
associated with Laplace. This theorem permits finding the 
steady state system error 0e(s) resulting from the input 
d[(s) without transforming back to the time domain. 3 

Simply stated 



Lim [d(t)] =Lim [s0e(s)] 



Where 



9e(s) = 



1 



1 + G(s) H(s) 



diis) 



(10) 



(11) 



The input signal d{{s) is characterized as follows: 

Step position: 0i(t) = Cp t>0 (12) 

Cp 
Or, in Laplace notation: d{(s) = — (13) 

where Cp is the magnitude of the phase step in radians. 
This corresponds to shifting the phase of the incoming 
reference signal by Cp radians: 

Step velocity: 0i(t) = Cvt t>0 (14) 

Cv 



Or, in Laplace notation: 0i(s) = 



(15) 



where Cy is the magnitude of the rate of change of phase 
in radians per second. This corresponds to inputing a fre- 
quency that is different than the feedback portion of the 
VCO frequency. Thus, Cy is the frequency difference 
in radians per second seen at the phase detector. 

Step acceleration: <9i(t) = Cat2 t>0 (16) 



Or, in Laplace notation: 0i(s) = 



2Ca 



(17) 



Ca is the magnitude of the frequency rate of change in 
radians per second per second. This is characterized by a 
time variant frequency input. 

Typical loop G(s) H(s) transfer functions for types 1 , 
2, and 3 are: 



Type 1 G(s) H(s) = 



K 



s(s + a) 



(18) 
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Type 2 G(s) H(s) = 



Types G(s)H(s) = 



K(s + a) 

K(s + a)(s + b) 



(19) 



(20) 



The final value of the phase error for a type 1 system 
with a step phase input is found by using Equations 1 1 
and 13. 



e(s) = 



1 



1 + - 



K 



s(s + a) 

(s + a) Cp 
(s2 + as + K) 



Beit- 



o) = Lim 
s->o 



\s2 + as + K 



(21) 



(22) 



Thus the final value of the phase error is zero when a 
step position (phase) is applied. 

Similarly applying the three inputs into type 1 , 2 and 
3 systems andutiHzing the final value theorem, the follow- 
ing table can be constructed showing the respective steady 
state phase errors. 



TABLE I — Steady State Phase Errors for Various System Types 





Type! 


Type 2 


Type 3 


Step 
Position 


•■^:•:^^,:Zero. ■::;,-;■;■:;■■ 


Zero 


Zero 


Step 
Velocity 


Constant 


Zero 


Zero 


Step 
Acceleration 


Continually 
Increasing 


Constant 


Zero 



istic equation) vary with loop gain. For stability all poles 
must lie in the left half of the s-plane. The relationship of 
the system poles and zeroes then determine the degree of 
stability. The root locus contour can be determined by 
using the following guidelines. 2 

Rule 1 - The root locus begins at the poles of G(s) H(s) 
(K = 0) and ends at the zeroes of G(s) H(s) 
(K = °o). Where K is loop gain. 

Rule 2 - The number of root loci branches is equal to 
the number of poles or number of zeroes, 
whichever is greater. The number of zeroes at 
infinity is the difference between the number 
of finite poles and finite zeroes of G(s) H(s). 

Rule 3 - The root locus contour is bounded by asymp- 
totes whose angular position is given by 



(2n + 1) 



vr; n = 0, 1,2, 



(23) 



Where #P (j^Z) is the number of poles (zeroes). 

Rule 4 - The intersection of the asymptotes is positioned 
at the center of gravity C. G. 



C.G.= 



SP-SZ 

^ #P - #z 



(24) 



Where 2P (SZ) denotes the summation of the 
poles (zeroes). 

Rule 5 - On a given section of the real axis, root loci 
may be found in the section only if the ffP + fZ 
to the right is odd. 

Rule 6 - Breakaway points from negative real axis is 
given by: 



dK 
d^' 



= 



(25) 



A zero phase error identifies phase coherence between 
the two input signals at the phase detector. 

A constant phase error identifies a phase differential 
between the two input signals at the phase detector. The 
magnitude of this differential phase error is proportional to 
the loop gain and the magnitude of the input step. 

A continually increasing phase error identifies a time 
rate change of phase. This is an unlocked condition for 
the phase loop. 

Using Table I the system type can be determined for 
specific inputs. For instance, if it is desired for a PLL to 
track a reference frequency (step velocity) with zero phase 
error, a minimum of type 2 is required. 

STABILITY 

The root locus technique of determining the position of 
system poles and zeroes in the s-plane is often used to 
graphically visualize the system stability. The graph or plot 
illustrates how the closed loop poles (roots of the character- 



Again where K is the loop gain variable factored from 
the characteristic equation. 
Example : 

The root locus for a typical loop transfer function 
is found as follows: 



G(s)H(s) = 



K 



s(s + 4) 



(26) 



The root locus has two branches (Rule 2) which begin 
at s = and s = -4 and ends at the two zeroes located at 
infinity (Rule 1). The asymptotes can be found according 
to Rule 3. Since there are two poles and no zeroes the 
equation becomes: 



2n + l 



- for n = 

2 

— for n = 1 

2 



(27) 
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The position of tlie intersection according to the Rule 



4 is: 



EP-SZ (-4-0)-(0) 



2-0 



s = -2 



(28) 



The response of this type 1 , second order system to 
a step input is shown in Figure 4. These curves represent 
the phase response to a step position (phase) input for 
various damping ratios. The output frequency response 
as a function of time to a step velocity (frequency) input is 
also characterized by the same set of figures. 



The breakaway point as defined by Rule 6 can be found 
by first writing the characteristic equation. 



C.E. = 1 + G(s) H(s) = 
K 



1 +- 



s(s + 4) 

Now solving for K yields 
K = -s2-4s 



s2 + 4s + K = 



(29) 



(30) 



Taking the derivative with respect to s and setting it 
equal to zero then determines the breakaway point. 



ds ds 



dK 
d^" 



-2s -4 = 



(31) 
(32) 

s = -2 (33) 

is the point of departure. Using this information, the root 
locus can be plotted as in Figure 3. 

This second order characteristic equation given by 
Equation 29 has been normaHzed to a standard form2 



s2 + 2 f conS + co2j^ 



(34) 



where the damping ratio ^ = Cos (0^< < 90°) and con 
is the natural frequency as shown in Figure 3 . 
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FIGURE 4 — Type 1 Second Order Step Response 



The overshoot and stability as a function of the damp- 
ing ratio ^ is illustrated by the various plots. Each response 
is plotted as a function of the normalized time cont- For a 
given f and a lock-up time t, the Wn required to achieve the 
desired results can be determined. Example: 

Assume f = 0.5 

error < 10% 
for t > 1 ms 

From ^ = 0.5 curve the error is less than 10% of final 
value for all time greater than cont = 4.5. The required 
con can then be found by: 



cont = 4.5 



FIGURE 3 - Type 1 Second Order Root Locus Contour 



con 
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4.5 . 
0.001 " 



(35) 



4.5 k rad/s (36) 



AN535 
4-198 



MOTOROLA COMMUNICATIONS DEVICE DATA 



f is typically selected between 0.5 and 1 to yield opti- 
mum overshoot and noise performance. 
Example: 

Another common loop transfer function takes the form 
(s + a)k 



G(s)H(s) = 



(37) 



This is a type 2 second order system. A zero is added 
to provide stability. (Without the zero the poles would 
move along the jco axis as a function of gain and the system 
would at all times be oscillatory in nature.) The root locus 
shown in Figure 5 has two branches beginning at the origin 
with one asymptote located at 180 degrees. The center of 
gravity is s = a; however, with only one asymptote there is 
no intersection at this point. The root locus lies on a circle 
centered at s = -a and continues on all portions of the nega- 
tive real axis to left of the zero. The breakaway point 
is s = -2a. 



K inc >^'^v \ 


s-plane 

CT 


^ K -^oo I -2a _a 


K = 



FIGURE 5 - Type 2 Second Order Root Locus Contour 

The respective phase or output frequency response of 
this type 2 second order system to a step position (phase) 
or velocity (frequency) input is shown in Figure 6. As 
illustrated in the previous example the required Wn can 
be determined by the use of the graph when ^ and the lock 
up time are given. 

BANDWIDTH 

The -3 dB bandwidth of the PLL is given by 

<^-3 dB = wnf 1 -2^2 +N/2-4f2H-4f4 j (33) 
for a type 1 second order4 system, and by 

w-3 dB = con(l+2f2 +^2 + 4^2 + 4^4 1 ' (39) 

for a type 2 second order 1 system. 

PHASE-LOCKED LOOP DESIGN EXAMPLE 

The design of a PLL typically involves determining the 
type of loop required, selecting the proper bandwidth, and 
establishing the desired stability. A fundamental approach 
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FIGURE 6 - Type 2 Second Order Step Response 



to these design constraints is now illustrated. It is desired 
for the system to have the following specifications: 



Output frequency 


2.0 MHz to 3.0 MHz 


Frequency steps 


100 kHz 


Phase coherent frequency 

output 
Lock-up time between 

channels 


1 ms 


Overshoot 


<20% 



NOTE: These specifications characterize a system 
function similar to a variable time base generator or a 
frequency synthesizer. 

From the given specifications the circuit parameters 
shown in Figure 7 can now be determined. 
The devices used to configure the PLL are: 
Frequency-Phase Detector MC4044/4344 

Voltage Controlled 

Multivibrator (VCM) MC4024/4324 

Programmable Counter MC40 16/43 16 

The forward and feedback transfer functions are given 
by: 

G(s) = KpKfKo H(s)="Kn (40) 

where Kn = l/N (41) 
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FIGURE 7 — Phase Locked Loop Circuit Parameters 



The programmable counter divide ratio Kn can be found 
from Equation 3. 



fo 



for 



fi 

, fomax 
fstep 
1 



2 MHz _ 
fstep 100 kHz" 
3 MHz 



= 20 



100 kHz 



= 30 



1 
^""20*° 30 



(42) 
(43) 
(44) 



A type 2 system is required to produce a phase coherent 
output relative to the input (see Table I). The root locus 
contour is shown in Figure 5 and the system step response 
is illustrated by Figure 6. 

The operating range of the MC4024/4324 VCM must 
cover 2 MHz to 3 MHz. Selecting the VCM control capacitor 
according to the rules contained on the data sheet yields 
C = 100 pF. The desired operating range is then centered 
within the total range of the device. The input voltage 
versus output frequency is shown in Figure 8. 
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FIGURE 8 - MC4324 Input Voltage versus Output 
Frequency (100 pF Feedback Capacitor) 



The transfer function of the VCM is given by 
Kv 



(45) 



Where Ky is the sensitivity in radians per second per 
volt. From the curve in Figure 8, Ky is found by taking the 
reciprocal of the slope. 



4 MHz -1.5 MHz 
^^= 5 V -3.6 V ^""^/^/^ 

Ky=11.2X106rad/s/V 

Thus 

11.2 XIO^ 
Ko = rad/s/V 



(46) 



(47) 



The s in the denominator converts the frequency charac- 
teristics of the VCM to phase, i.e., phase is the integral 
of frequency. 

The gain constant for the MC4044/4344 phase detector 
is found by 5 



Kp = 



DF High - UF Low 2.3 V -0.9 V 



2(27r) 



477 



0.111V/rad(48) 



Since a type 2 system is required (phase coherent 
output) the loop transfer function must take the form of 
Equation 19. The parameters thus far determined in- 
clude Kp, Kq, Kn leaving only Kf as the variable for 
design. Writing the loop transfer function and relating 
it to Equation 1 9 



G(s)H(s) 



Kp Ky Kn Kf _ K(s + a) 



Thus Kf must take the form 
s + a 
s 



Kf = 



(49) 



(50) 



in order to provide all the necessary poles and zeroes for 
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the required G(s) H(s). The circuit shown in Figure 9 yields 
the desired results. 



Kf is expressed by 
R2Cs + 1 



(51) 



where A is voltage gain of the amplifier. 

Rj , R2, and C are then the variables used to establish 
the overall loop characteristics. 

The MC4044/4344 provides the active circuitry required 
to configure the filter Kf. An additional low current high 
|3 buffering device or FET can be used to boost the input 
impedance thus minimizing the leakage current from the 
capacitor C between sample updates. As a result longer 
sample periods are achievable. 

Since the gain of the active filter circuitry in the 
MC4044/4344 is not infinite, a gain correction factor Kc 
must be applied to Kf in order to properly characterize the 
function. Kc is found experimentally to be Kc = 0.5. 



Kfc = KfKc 



/R2Cs+1\ 



(52) 



( For large gain, Equation 51 applies. ) 

The PLL circuit diagram is shown in Figure 10 and its 
Laplace representation in Figure 1 1 . 
The loop transfer function is 



G(s)H(s) = KpKfcKoKn 



(53) 



«.,„,.,.K,,..«(Bgi)C^)(l) <«, 

The characteristic equation takes the form 
C.E. = l+G(s)H(s) = 



^ 0.5KpKvR2 0.5KpKv 

SZ + £ s + 

RlN RiCN 



(55) 



Relating Equation 55 to the standard form given by 
Equation 34 

^ 0.5KpKvR2 0.5KpKv 

s2 + ^—1 — ± s + — 

RlN RiCN 



= s2 + 2 f cjns + cjn^ 
Equating like coefficients yields 
0.5 Kp Kv 



RlCN 



con^ 



(56) 



(57) 




FIGURE 9 — Active Filter Design 



and 



0.5 Kp Kv R2 
RlN 



= 2fcon 



(58) 



With the use of an active filter whose open loop gain (A) 
is large (Kc = 1), Equations 57 and 58 become 



Kp Ky 

RlCN ~ 

Kp Kv R2 
RlN 



wn^ 



= 2fa;n 



(59) 



(60) 



The percent overshoot and settling time are now used 
to determine con- From Figure 6 it is seen that a damping 
ratio f = 0.8 will produce a peak overshoot less than 20% 
and will settle to within 5% at cont = 4.5. The required 
lock-up time is 1 ms. 



4.5 

^n=-r = 



4.5 

oooi 



= 4.5krad/s 



(61) 



Rewriting Equation 57 



RlC 



0.5KpKv 

<0n2N 



(62) 



_ (0.5)(0.111)(11.2X106) 
(4500)2 (30) 

RlC = 0.00102 

(Maximum overshoot occurs at N^iax which is minimum 
loop gain) 

Let C = 0.5 mF 

0.00102 

Then Ri = = 2.04 kn 

0.5 X 10-6 

Use Ri = 2 k^ 
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FIGURE 10 — Circuit Diagram of Type 2 Phase Locked Loop 
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FIGURE 11 — Laplace Representation of Diagram in Figure 10 
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Rl is typically selected greater than 1 kl2. 
Solving for R2 in Equation 58 



R2 = 



2rconRlN 2r 
KpKv(0.5) C~^ 



(63) 



2(0.8) 



(0.5X10-6) (4.5 k) 

= 711 ^ 
use R2 = 680 n 

All circuit parameters have now been determined and 
the PLL can be properly configured. 

Since the loop gain is a function of the divide ratio 
Kn, the closed loop poles will vary is position as Kj^ 
varies. The root locus shown in Figure 12 illustrates the 
closed loop pole variation. 

The loop was designed for the programmable counter 
N = 30. The system response for N = 20 exhibits a wider 
bandwidth and larger damping factor, thus reducing both 
lock-up time and percent overshoot (see Figure 14). 
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FIGURE12- Root Locus Variation 



NOTE: The type 2 second order loop was illustrated 
as a design example because it provides excellent perform- 
ance for both type 1 and 2 applications. Even in systems 
that do not require phase coherency a type 2 loop still 
offers an optimum design. 

EXPERIMENTAL RESULTS 

Figure 13 shows the theoretical transient frequency 
response of the previously designed system. The curve 
N = 30 illustrates the frequency response when the program- 
mable counter is stepped from 29 to 30 thus producing a 
change in the output frequency from 2.9 MHz to 3.0 MHz. 
An overshoot of 18% is obtained and the output frequency 
is within 5 kHz of the final value one millisecond after the 
applied step. The curve N = 20 illustrates the output fre- 



quency change as the programmable counter is stepped 
from 21 to 20. 

Since the output frequency is proportional to the VCM 
control voltage, the PLL frequency response can be observed 
with an oscilloscope by monitoring pin 2 of the VCM. The 
average frequency response as calculated by the Laplace 
method is found experimentally by smoothing this voltage 
at pin 2 with a simple RC filter whose time constant is 
long compared to the phase detector sampHng rate but 
short compared to the PLL response time. With the 
programmable counter set at 29 the quiescent control volt- 
age at pin 2 is approximately 4.37 volts. Upon changing 
the counter divide ratio to 30 the control voltage increases 
to 4.43 volts as shown in Figure 14. A similar transient 
occurs when stepping the programmable counter from 21 
to 20. Figure 14 illustrates that the experimental results 
obtained from the configured system follows the predicted 
results shown in Figure 13. Linearity is maintained for 
phase errors less than Irr, i.e. there is no cycle slippage at 
the phase detector. 




0.5 1.0 1.5 2.0 

TIME (ms) 
FIGURE 13 — Frequency-Time Response 
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FIGURE 14 - VCM Control Voltage (Frequency) Transient 
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*THE PARAMETERS LISTED BELOW APPLY TO THE FOLLOWING PLOT 



PHASE DETECTOR GAIN CONSTANT PI = 

VCM GAIN CONSTANT VI = 

FILTER INPUT RESISTOR R1 « 

FILTER FEEDBACK RESISTOR R2 = 

FILTER CAPACITOR CI = 
DIVIDER VALUE N1-N2 = 

REFERENCE FREQUENCY F1 = 

OUTPUT FREQUENCY CHANGE F5 = 



0.111 VOLTS PER RADIAN 
1.12 E+7 RAD PER VOLT 
3900OHMS (Ric = 2 k) 
680 OHMS 
0.5 MICROFARADS 
29-30 
100000 CPS 
,100000 CPS 



P2= 0.111 

V2= 1.12 E+7 

R3= 3900 (R 1c 

R4 = 680 



C2= 0.5 
N3-N4= 21 -20 
F2(F6)> 100000(1 



PL O T OFF UN CT I O N S 
(NOTE: Y(T) IS PLOTTED '+', 2(T) IS '♦'; AND '0' IS COMMON) 



FOR T: TOP = 

FOR FCTS: LEFT = 



BOTTOM = 0.001 5 INCREMENT - 0.00005 
RIGHT = 0.12 INCREMENT = 0.002 




.1. 



.1. 



0.02 0.04 0.06 0.08 

VCM CONTROL SIGNAL (VOLTS) 



FIGURE15- VCM Control Signal Transient 



AN535 
4-204 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Figure 15 is a theoretical plot of the VCM control volt- 
age transient as calculated by a computer program. The 
computer program is written with the parameters of Equa- 
tions 58 and 59 (type 2) as the input variables and is valid 
for all damping ratios of f < 1.0. The program prints or 
plots the control voltage transient versus time for desired 
settings of the programmable counter. The lock-up time 
can then be readily determined as the various parameters 
are varied. (If stepping from a higher divide ratio to a lower 
one the transient will be negative.) Figures 14 and 15 also 
exhibit a close correlation between the experimental and 
analytical results. 



SUMMARY 

This application note describes the basic control system 
techniques required for phase-locked loop design. Criteria 
for the selection of the optimum type of loop and methods 
for establishing the desired performance characteristics are 
presented. A design example is illustrated in a step-by- 



step approach along with the comparison of the experimen- 
tal and analytical results. 
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THE TECHNIQUE OF DIRECT PROGRAMMING 
BY USING A TWO-MODULUS PRESCALER 



Prepared by 
PLL Applications 



INTRODUCTION 

The MCI 2009, MCI 201 1 , or MCI 201 3 can be used as 
part of a variable modulus (divisor) prescaling subsystem 
used in certain Digital Phase-Locked Loops (PLL). 

More often than not, the feedback loop of any PLL con- 
tains a counter-divider. Many methods are available for 
building a divider, but not all are simple, economical, or 
convenient in a particular application. 

The technique and system described here offer a new 
approach tothe construction of a phase-locked loopdivider. 
In addition to using either the MCI 2009, MCI 201 1 , or 
the MCI 201 3 variable modulus prescaler, this system 
requires an MCI 201 4 Counter Control Logic Function, 
together with suitable programmable counters (e.g., 
MC4016S or SN74LS716s). Data sheets for these addi- 
tional devices should be consulted for their particular 
functional descriptions. 



DESIGN CONSIDERATIONS 

The disadvantage of using a fixed modulus (-^ P)for fre- 
quency division in high-frequency phase-locked loops (PLL) 
is that it requires dividing the desired reference frequency 
by P also (desired reference frequency equals channel 
spacing). 

The MCI 2009/1 1/13 are especially designed for use 
with a technique called "variable modulus prescaling". 
This technique allows a simple MECL two-modulus 
prescaler to be controlled by a relatively slow MTTL pro- 
grammer counter. The use of this technique permits 
direct high-frequency prescaling without any sacrifice in 
resolution since it is no longer necessary to divide the 
reference frequency by the modulusof the high-frequency 
prescaler. 
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The theory of "variable modulus prescaling" may be 
explained by considering the system shown in Figure 1. 
For the loop shown: 

fout = N • P • fref (1) 



FIGURE 1 - FREQUENCY SYNTHESIS BY PRESCALING 




^out = N • P • fref 
■ F (s) L-^ VCO ^ 



Programmable 
Divider 



where P is fixed and N is variable. For a change of 1 in N, 
the output frequency changes by P • f^ef. If fref equals 
the desired channel spacing, then only every P channel 
may be progranrimed using this method. A problem re- 
mains: how to program intermediate channels. 

One solution to this problem is shown in Figure 2. 



FIGURE 2 - FREQUENCY SYNTHESIS BY PRESCALING 



^out = N • fref 



sference | I /^^T^^ I I I I \ 



Reference 
Freqi 



Programmable 
Divider 



to multiply by a fractional number, equation 4 must be 
synthesized by some other means. 

Taking equation 3 and adding ±AP to the coefficient 
of fref, the equation becomes: 

^out = (Np*P + A + A*P-A«P) fref. (5) 

Collecting terms and factoring gives: 

fout= [(Np-A)P+.A(P+1)]fref (6) 



From equation 6 it becomes apparent that the frac- 
tional part of N can be synthesized by using a two-modu- 
lus counter (P and P + 1) and dividing by the upper modu- 
lus, A times, and the lower modulus (Np - A) times. 

This equation (6) suggests the circuit configuration in 
Figure 3. The A counter shown must be the type that 



FIGURE 3 - FREQUENCY SYNTHESIS BY TWO 
MODULUS PRESCALING 



^out = Nf ref 



Reference 

Frequency 

(Vef) 



Programmable 
Counters 



2 Modulus 
Prescaler 
P, P + 1 



Programmable 

Counters 

-TA 



N = Nn« P+A 



A -^ P is placed in series with the desired channel spacing 
(frequency) to give a new reference frequency: channel 
spacing/P. 

Another solution is found by considering the defining 
equation (1) for fgut of Figure 1. From the equation it 
may be seen that only every P channel can be programmed 
simply, because N is always an integer. To obtain inter- 
mediate channels, P must be multiplied by an integer plus 
a fraction. This fraction would be of the form: A/P. If 
N is defined to be an integer number, Np, plus a fraction, 
A/P, N may be expressed as: 

N = Np + A/P. 
Substituting this expression for N in equation 1 gives: 

fout=(Np + A/P) •P* fref . (2) 

or: fout =(Np P + A) •fref (3) 

fout=Np»P« fref + A« fref. (4) 



Equation 4 shows that all channels can be obtained directly 
If N can take on fractional values. Since it is difficult 



counts from the programmed state (A) to the enable state, 
and remains in this state until divide by Np is completed 
in the programmable counter. 

In operation, the prescaler divides by P -f- 1, A times. 
For every P + 1 pulse into the prescaler, both the A coun- 
ter and Np counter are decremented by 1. The prescaler 
divides by P + 1 until the A counter reaches the zero state. 
At the end of (P + 1) • A pulses, the state of the Np 
counter equals (Np - A). The modulus of the prescaler 
then changes to P. The variable modulus counter divides 
by P until the remaining count, (Np - A) in the Np counter, 
is decremented to zero. Finally, when this is completed, 
the A and Np counters are reset and the cycle repeats. 

To further understand this prescaling technique, consi- 
der the case with P = 10. Equation 6 becomes: 



fout=(A+ 10Np)»fref 
If Np consists of 2 decades of counters then: 

Np= lONpi + Npo 
(Npi is the most significant digit), 
and equation 7 becomes: 



(7) 
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FIGURE 4 - DIRECT PROGRAMMING UTILIZING 
TWO-MODULUS PRESCALER 



MC12013 

MTTLout 



® 



Q0Q1 Q2Q3 
C MC4018 



i^k^^' -' " 



d 



^ -, MC12014 



© 
© 



QO Q1 Q2Q3 
C MC4016 



i. k ;. I 



C MC4018 



Npi 



FIGURE 5 - WAVEFORMS FOR DIVIDE BY 43 

I 11 Pulses I 11 Pulses | 11 Pulses | 10 Pulses | 11 Pulses | 1 1 Pulses | 11 Pulses | 



® 



"1 r 



■ 1 Cycle = 43 Pulses- 



J- 
"1_ 

J— 



FIGURE 6 - WAVEFORMS FOR DIVIDE BY 42 

I 11 Pulses I 11 Pulses | lOPulses | lOPulses | 11 Pulses | 1 1 Pulses | lOPulses | 

^in finnjinjinjinnnnnnnnnnnnnnnn^ 

I — \ \ — I J 1 r 



"L 



1 I L 



"L 



© 



h 



1 Cycle = 42 Pulses - 



FIGURE 7 - WAVEFORMS FOR DIVIDE BY 44 

I 11 Pulses 1 11 Pulses | 11 Pulses | 1 1 Pulses | 1 1 Pulses I 11 Pulses | 11 Pulses | 

<in [uuuuuuuuuuuiniuinnniuuuuuuuuuuuinjinjuuuuuuuuuuuuinnn^ 

® I 1 I 1 I L__l 1 I l__l l__J 1 r 

® ^ ^ r 

'I 
1 r 



- 1 Cycle = 44 Pulses - 



AN827 
4-208 



MOTOROLA COMMUNICATIONS DEVICE DATA 



^out= (100 Npi +10Npo + A)fref. 

To do variable modulus prescaling using the variable 
modulus prescalers (MC12009/1 1/13) and programmable 
divide by N counters (MC4016, MC4018) one additional 
part is required: the MCI 2014 (Counter Control Logic). 

In variable modulus prescaling the MC12014 serves a 
dual purpose: it detects the terminal (zero) count of the 
A counter, to switch the modulus of the MCI 2013; and 
it extends the maximum operating frequency of the pro- 
grammable counters to above 25 MHz. (See the MC12014 
data sheet for a detailed description of the Counter Con- 
trol Logic). 

Figure 4 shows the method of interconnecting the 
MC12013, MC12014, and MC4016 (or MC4018) for vari- 
able modulus prescaling. To understand the operation of 
the circuit shown in Figure 4, consider division by 43. 
Division by 43 is done by programming Npi = 0, Npo = 4, 
and A= 3. 

Waveforms for various points in the circuit are shown 
in Figure 5 for this division. From the waveforms it may 
be seen that the two-modulus prescaler starts in the divide 
by 11 mode, and the first input pulse causes point A to 
go high. This positive transition decrements the Np counter 
to 3, and counter A to 2. 

After 11 pulses, point (g) again goes high; the Np 
counter decrements to 2 and the A counter to 1. The 
"2" contained in the Np counter enables the inputs 
to the frequency extender portion of the MCI 2014. After 
1 1 more pulses point (§) goes high again. 

With this position transition at @ , the output (fout) 
of the MCI 201 4 goes low, the Np counter goes to 1, 



and the A counter goes to 0. The zero state of the 
A counter is detected by the MCI 201 4, causing point 
(Dto go to 1 and changing the modulus of the MCI 201 3 to 

10 at the start of the cycle. 

When fout Qo^s low, the programmable counters are 
reset to the programmed number. After 1 1 pulses (the 
enable went high after the start of the cycle and therefore 
doesn't change the modulus until the next cycle), point 
@ makes another positive transition. This positive transi- 
tion causes fout ^o return high, release the preset on the 
counter, and generates a pulse to clear the latch (return 
point (g) to 0). 

After 10 pulses the cycle begins again (point (B) was 
high prior to point @ going high). The number of input 
pulses that have occured during this entire operation is: 

11 + 11 + 11 + 10 = 43. Figures 6 and 7 show the wave- 
forms for divide by 42 and divide by 44 respectively. 

The variable modulus prescaling technique may be used 
in any application as long as the number in the Np counter 
is greater than or equal to the number in the A counter. 
Failure to observe this rule will result in erroneous results. 
(For example, for the system shown in Figure 4 if the 
number 45 is programmed, the circuit actually will divide 
by 44. This is not a serious restriction since Np is greater 
than A in most applications). 

It is important to note that the A counter has been 
composed of only one counter for discussion only; where 
required, the A counter may be made as large as needed 
by cascading several programmable counters. Figure 8 
shows the method of interconnecting counters. Opera- 
tion is previously described. The number of stages in the 
A counter should not exceed the number of stages for the 



FIGURE 8 - METHOD OF INTERCONNECTING COUNTERS 
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Np counters. As many counters as desired may be cas- 
caded, as long as fan-in and fan-out rules for each part 
are observed. 

The theory of "variable modulus prescaling"developed 
above, examined a case in which the upper modulus of 
the two-modulus prescaler was 1 greater than the lower 
modulus. However, the technique described is by no means 
limited to this one special case. There are applications 
in which it is desirable to use moduli other than P/(P +1). 

It can be shown that for a general case in which the 
moduli of the two-modulus prescaler are P and P + M, 
equation 6 becomes: 

fout= [(Np-A)P + A(P + M)] •iref 



fout= [Np«P + IVI«A] •fref. 



(8) 



From equation 8 it may be seen that the upper modulus 
of the two-modulus prescaler has no effect on the Np 
counter, and that the number programmed in the A coun- 
ter is simply multiplied by M. 

There is no one procedure which will always yield the 
best counter configuration for all possible applications. 
Each designer will develop his own special design for the 
counter portion of his PLL system. 



FIGURE 9 - DIRECT PROGRAMMING 100-200 MHz SYNTHESIZER IN 50 kHz STEPS 
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Operation of the MCI 451 59 PLL Frequency 
Synthesizer with Analog Phase Detector 



INTRODUCTION 

The MC145159 is a phase-locked loop frequency synthesizer 
with an analog, or more specifically a sample-and-hold, phase 
detector. The output of this phase detector (APDout) 's used 
as a fine error signal. The synthesizer also contains a digital 
frequency steering phase comparator for coarse adjustment 
of loop frequency, separate power supply pins for the analog 
phase detector, a lock detect output, and on-chip logic for 
control of a dual-modulus prescaler. (See Figure 1.) 

Other features of the MC145159 are a 14-bit reference 
counter, as well as a 10-bit divide-by-N counter and a 7-bit 
divide-by-A counter. All three counters are programmed via a 
serial data stream which is compatible with the Serial Peripheral 
Interface (SRI) on CMOS MCUs. The device also has on-chip 
circuitry to support an external crystal. OSCjn may also serve 
as an input for an externally-generated reference signal. This 
signal is typically ac coupled to OSCjn, but for larger amplitude 
signals (standard CMOS logic levels), dc coupling may be used. 

With the features listed above, the MC145159 finds general 
purpose applications in such areas as 2-way radios, cellular 
radiotelephones, and avionics equipment. 



As stated earlier, the MC145159 has a sample-and-hold 
phase detector. As opposed to standard digital phase com- 
parators with fixed gain, the gain of the sample-and-hold phase 
comparator is programmable. Four external components, two 
resistors and two capacitors, help set the gain and drive levels 
of the phase detector. Higher gain is achievable with the 
MCI 451 59 phase detector versus digital phase detectors. 

Because a high degree of filtering compromises overall loop 
performance, phase detectors which provide an error signal 
that is as clean as possible prior to filtering are extremely 
advantageous. One obvious benefit of the sample-and-hold 
phase comparator is that its output is analog, and therefore 
already resembles the required control voltage necessary to 
drive the loop's voltage-controlled oscillator (VCO), thereby 
minimizing filtering requirements. Ideally, this control voltage 
is a perfectly clean signal with no undesired perturbations. Any 
of these disturbances cause unwanted modulation on the 
VCOs output signal. For high performance radio equipment, 
the sidebands resulting from this modulation must be very 
low. The analog output reduces VCO modulation sidebands 
and also allows for wider loop bandwidths than are normally 
possible with digital phase detector outputs. 
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TRADITIONAL SAMPLE-AND-HOLD 
PHASE DETECTORS 

Before examining tiie method by which the MC145159 per- 
forms a sample-and-hold function, the theory of operation of 
traditional sample-and-hold phase detectors will be reviewed. 

The reference signal (divided-down OSCjn signal) and cur- 
rent source are used to establish the sawtooth voltage on the 
ramp capacitor, Cr. (See Figures 2 and 3.) Cr is charged by 
the current source and quickly discharged by a switch that is 
controlled by the reference signal. In this way, the period of 
the sawtooth voltage is equal to the period of the reference 
signal. The divided-down VCO signal is used to sample the 
sawtooth voltage by closing a sampling switch for a window 
of time and letting the hold capacitor, Ch, charge to the 
sampled voltage. Neglecting leakage current, the charge es- 
tablished on Ch at the end of the sample time remains constant 
until the next sample. If for some reason the VCO frequency 
begins to rise above the desired value, the phase of the sam- 
pling pulse falls back and sampling is done at a lower sawtooth 
voltage. This action, in effect, lowers the control voltage 
to slow down the VCO and keep the divided-down VCO 



frequency locked to the reference frequency. Likewise, if the 
VCO frequency falls below the desired value, the phase of the 
sampling pulse advances and sampling is done at a higher 
sawtooth voltage. This action raises the control voltage which 
speeds up the VCO to keep the divided-down VCO frequency 
locked to the reference frequency. 

One serious side effect of this scheme is that an undesired 
ripple voltage occurs on Ch- This rippling is caused by the 
ramp waveform charging from level Va to level Vb during the 
sample window. Upon opening of the sampling switch, Ch is 
charged to Vb and remains at Vb until the switch is closed 
again and voltage V/\ is applied to the hold capacitor. There- 
fore, the hold capacitor is charged to Vb and discharged to 
Va while in a locked condition. In effect, a ripple-free lock 
voltage cannot be established on Ch- The magnitude of this 
ripple is a function of the ramp charging slope, sample window 
time, and hold capacitor charge/discharge times. 

To mask out the rippling effect, one solution is to follow 
Ch by a second sampling switch and hold capacitor combi- 
nation along with the necessary control signals. However, this 
additional circuitry Introduces more switching transients and 
consumes more chip and/or board space. 
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OPERATION OF THE MC145159 

THEORY 

The MC145159 uses a new, patented design approach for 
sample-and-hold phase detectors called ramp clamping, which 
results in improved performance over the traditional approach. 
Ramp clamping minimizes the need for a second hold capac- 
itor, and in most applications only one hold capacitor is needed. 
When the loop is in frequency lock, the rising edge of fp 
(divided-down OSCjn signal) activates a constant current 
source to initiate charging of the ramp capacitor. (See Figures 
4 and 5.) The slope of this ramp waveform is also known as 
the phase detector gain. The ramp voltage continues to build, 
at a rate determined by Rr, Cr, and VpD' / until the rising 
edge of fy (divided-down VCO signal) terminates the charge 
signal, thereby establishing a constant voltage on Cr. After 
a predetermined delay (equal to two clock cycles of fjn) this 
ramp voltage is sampled onto the hold capacitor during a 
sample window lasting four periods of fjn- Ch is then isolated 
from Cr and, after a delay of two clock cycles of fjn, Cr is 
discharged. This cycle repeats every fR period. The fv edge 
relative to the f r edge in time therefore determines how long 
the ramp charges before being clamped and sampled onto Ch- 
This establishes the hold voltage necessary to maintain loop 
lock. The voltage on Ch feeds an N-channel source follower, 
the output of which (APDout) controls an external VCO. 

When the loop is out of frequency lock, that is when fR 
and fv are not in a one-to-one relationship over a lir window 
with respect to fR, the Frequency Steering Output (FSO) be- 
comes active. As a general rule, fR and fv must differ by 2% 
for the FSO to become active. However, as the reference 
frequency decreases, the frequency steering sensitivity in- 
creases. If the divided-down VCO frequency, fv, is lower than 
the divided-down oscillator frequency, fR, (fv<fR) then FSO 



pulses high. If fv>fR/ then FSO pulses low. The FSO pulse 
width is approximately equal to the period of time between 
two fv pulses if fv>fR/ or two fR pulses if fR>fv. FSOs 
repetition rate is equal to the difference frequency between 
fp and fv- When fv = fR over a lir window with respect to 
f R, then the FSO remains In a high-impedance state and phase 
lock is maintained by the analog phase detector output. (See 
Figure 6.) By combining APDout and FSO, the required low- 
noise VCO control voltage is provided by APDout while the 
FSO provides a coarse error signal to achieve fast frequency 
lock. 

The ramp clamp approach to phase detector design, which 
is implemented on the MC145159, offers significant advan- 
tages over the traditional method of sample-and-hold phase 
comparators. In traditional sample-and-hold detectors, ramp 
slewing during the sample window causes rippling on the hold 
capacitor. Therefore, a second hold capacitor and sampling 
switch may be needed. The ramp clamp technique however, 
alleviates the need for a second hold capacitor and all of its 
related circuitry. This becomes very significant in the produc- 
tion of monolithic integrated circuits due to the savings in chip 
area that result. 

Another benefit of ramp clamping is that the ramp amplitude 
is not allowed to go beyond the value reached when sampling 
occurs. The traditional method permits the ramp capacitor to 
charge all the way up to the positive supply voltage value; in 
most cases well after sampling has occurred. This extends the 
ramp amplitude beyond that allowed with the ramp clamp 
approach. A lower ramp pulse results in less ripple in the output 
error signal caused by parasitic ramp feed-through. With ramp 
clamping, the ramp amplitude is limited to only that value 
necessary to keep the loop locked and, more importantly, it 
provides a constant voltage to the hold capacitor during the 
entire sample window. 
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Figure 4. Analog Phase Detector Logic Detail 
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A word of caution exists for the analog phase detector power 
supply pins, Vdd' a^icl Vss' ■ These two pins are provided 
to help isolate the analog section from noise coming from the 
digital sections of this device and also noise from the sur- 



rounding circuitry. Ensure that Vpo' a^d Vpo are at the same 
voltage potential at all times. Likewise, Vss' and Vss n^^st 
be at the same potential at all times. Otherwise, damage to 
the MC145159 may occur due to latch up. 
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PHASE DETECTOR GAIN 

As stated earlier, the gain of the analog phase detector on 
the MC145159 is programmable. The gain is set by Vdd' and 
two external components; the ramp resistor, Rr, and the ramp 
capacitor, Cr. The user must therefore determine the optimal 
value of gain for his or her system. 

To select the optimal gain for the phase detector, let us 
assume a PLL system with a reference frequency of 10 kHz. 
(See Figure 7a.) With this frequency going into the phase 
detector, consecutive fR pulses occur 100 /xs apart. Assuming 
that the Frequency Steering Out pin has already pulled the 
system into frequency lock and turned off, the Analog Phase 
Detector Output is in complete control. Therefore, the rising 
edges of fR and fv can be nearly 100 ^s apart. Because fR 
initiates the ramp waveform and fv terminates the charging 
cycle, the ramp should be at most 100 (is, or 27r radians wide. 
Moreover, the ramp should be capable of charging from Vss' 
to Vdd' during this time. The design equation for phase de- 
tector gain given in the data sheet is stated as: 



^ 27r f R Cr 



[V/rad] 



Substituting in for K^ and fR and selecting a value for Cr, 
one can solve for Icharge- From IchargB' ^^e value of ramp 
resistance, Rr, is taken from Figure 8. 

In this example, the gain of the phase detector is Vdd' /27r 
[V/rad]. Larger values of gain can certainly be used. In fact, 
higher gain results in faster lock times. (See Figure 7b.) There 
is, however, an upper limit to the amount of gain selected. 
Higher gain is achieved by increasing Vdd' o"" reducing Rr 
or Cr (or some combination thereof). Increasing phase de- 
tector gain by reducing the size of the ramp capacitor leads 
to increased noise induced into the ramp, and consequently, 
hold capacitors. 

On the other hand, too little gain results in the ramp capacitor 
taking slightly longer to reach the required error voltage level. 
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thereby widening the ramp waveform. This increased area 
under the curve represents more energy being transferred to 
the hold capacitor. The result is an increased potential to 
modulate the control voltage, yielding higher sidebands on the 
VCO output. Therefore, each system must be carefully ana- 
lyzed and optimized for the gain/noise tradeoff. 

The analog phase detector of the MCI 451 59 can track 
changes in its input over a 27r range with respect to fR. The 
digital frequency steering portion of the device produces error 
signals over a wide range of input frequency differences. 

OUTPUT BIAS CURRENT RESISTOR 

Included on the MC145159 is a pin dedicated for use with 
an external component, called the output bias current resistor. 
A resistor connected from this pin (Rq) to Vgs' biases the 
output N-channel transistor, thereby setting a current sink on 
the analog phase detector output. With larger values of output 
resistance, the analog output bias current decreases (See Fig- 
ure 9.) 
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METHOD OF PROGRAMMING THE COUNTERS 

The MC145159 contains three fully-programmable counters. 
The R, N, and A counters are programmed by a serial data 
bit stream. (See Figure 10.) Perusing the logic diagram of the 
device gives insight as to how the counters are loaded with 
data. (See Figure 1.) 

First, the desired values for R, N, and A must be converted 
to binary form with the proper amount of bit positions. Note 
that the R counter is 14 bits long, the N counter 10 bits long, 
and the A counter 7 bits long. To load the data, the Enable 
pin must be taken low to isolate the counters from changes 
that occur in the shift registers. With Enable low, data is then 
loaded into the shift registers on the rising edge of the clock 
input. Care must be taken to ensure that Data, Clock, and 
Enable voltage levels and rise, fall, setup, hold, and recovery 
times are not violated. The divide-by-R word is loaded first 
with its most-significant bit as the first bit entered. The divide- 
by-N word follows immediately, again with its most-significant 
bit as the first bit entered. Next is word A, similarly with its 
most-significant bit entering first. The last bit of the string is 
the control bit. A logic one for the control bit allows all the 
counters to be loaded with shift register information when 
Enable is taken high. A logic zero entered as the control bit 
Inhibits a reference counter latch load. Therefore, only the N 
and A counters are loaded when Enable is taken high. 

Finally, after all the data is properly loaded into the shift 
registers and the control bit is at the desired logic state, Enable 
is taken high to program the counters. After satisfying the 
minimum input pulse width for Enable, that pin must then be 
taken low to isolate the counters from outside disturbances. 

For example, suppose system requirements dictate that the 
R, N, and A counters be programmed with 40, 200, and 72, 
respectively. The steps to load the counters are outlined below. 



Action 



Comment 



R = 40(14bits) 


MSB 



1. 


Take Enable low 
(<0.3Vdd) 


Isolate the counters 


2. 


Shift in eight Os 


Start loading R word 


3. 


Shift in one 1 




4. 


Shift in one 




5. 


Shift in one 1 




6. 


Shift in five Os 


R word entered; start 
loading N word 


7. 


Shift in two Is 




8. 


Shift in two Os 




9. 


Shift in one 1 




10. 


Shift in three Os 


N word entered 


11. 


Shift in one 1 


Start loading A word 


12. 


Shift in two Os 




13. 


Shift in one 1 




14. 


Shift in three Os 


A word entered 


15. 


Shift in one 1 


Control bit high 


16. 


Take Enable high 
O0.7VDD) 


Load the three counters 


17. 


Take Enable low 
(<0.3Vdd) 


Isolate the counters 



10 1 




LSB 



Now that the counters are loaded with the correct infor- 
mation and the system is working properly, changing the out- 
put frequency is desired. New values of N and A are chosen 
while keeping R the same. (R is only used in this case to set 
up the system resolution.) The same method can be used to 
program the N and A counters while simply ignoring the R 
counter. Take Enable low, shift in the appropriate binary data 
for N and A, shift in a control bit of logic zero to isolate the 
R counter form the Enable line, and pulse high the Enable 
input. 

For example, suppose the new values for N and A are 178 
and 13, respectively. The steps to load the counters are out- 
lined below. 
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Figure 10. Data Entry Format 
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Action 



Comment 



1. 


Take Enable low 


Isolate the counters 


2. 


Shift in two Os 


Start loading N word 


3. 


Shift in one 1 
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Shift in one 
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9. Shift in two Is 
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11. Shift in one 1 

12. Shift in one 

13. Take Enable high 

14. Take Enable low 



A word entered 
Control bit low 
Load the two counters 
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As is evident, the two prior routines are serial in nature. A 
microprocessor is therefore best suited to program the 
counters. Also, note that the counter outputs are not available 
on the MC145159 for checking correct counter operation. 
However, a shift register output, SRout' 's available. (See 
Figure 1.) Therefore, the same microprocessor that programs 
the counters can also be used to verify the contents of the 
shift registers to ensure that the correct data has been loaded. 
Enable must be held low while verifying shift register contents 
to avoid affecting the counters. 

Although the MC145159 has on-chip logic for control of an 
external dual modulus prescaler, the device is capable of per- 
forming in a single modulus mode simply by leaving the mod- 
ulus control output unconnected. In this case, the 10-bit divide- 
by-N counter performs the loop divlde-by-N function. The A 
counter must still be loaded with data, but that data is a don't 
care. However, loading the A counter with all Os is strongly 
recommended. In that way, the modulus control output is 
stuck high and cannot cause any possible interference by 
switching periodically. 



firi' OSCin LIMITS 

Although not stated on the data sheet, the fjn and OSCjn 
limits for the MC145159 are about the same as the rest of the 
silicon-gate MC1451XX family of frequency synthesizers. (See 
Figures 11 and 12.) One limit is 15 MHz for a supply voltage 
of 5 V and a divide value of six or greater for the N and R 
counters. Refer to the graphs for frequency limits of the 
MC145159 counters at other supply voltages. 

The analog phase detector component values play a small 
role in determining the input frequency limits at the input to 
the phase detector. For high reference frequencies, a large 
value of Icharge 's most likely required. Make certain that 
component values are in specified ranges. For best results, 
the following limits are recommended. (Low-leakage polysty- 
rene or Mylar capacitors are recommended for Cr and Ch-) 



1 kn<RR<1 Mfi 
500 pF<Cr<0.1 /aF 
IOCh^Cr 
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Figure 11. OSCjn and fjn Maximum 

Frequency versus Total Divide Value 

(Rmin = 3, Nmin = 16) 
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Figure 12. OSCjn and f jn Maximum Frequency versus Temperature for Sine and Square Wave Inputs 



DUAL-MODULUS PRESCALING CONSTRAINTS 

The MCI 451 59 contains all the necessary logic for control 
of an external dual-modulus prescaler. Dual-modulus pre- 
scaling is a solution to some of the shortcomings associated 
with single-modulus prescaling. Inherent in the design of 
synthesizers using single-modulus prescaling is the fact that 
the value of the reference frequency into the phase detector 
is multiplied by the prescale value P, as well as by the counter 
value, N. (See Figure 13.) This results in a loss of system 
resolution because any unitary change of N results In the 
output frequency of the VCO changing by the reference fre- 
quency times P, which may be undesired. 

Dual-modulus prescaling is a solution to this problem. It 
allows VCO step sizes equal to the value of the phase detector 
reference frequency to be obtained. This technique utilizes an 
additional A counter and a special prescaler which divides by 
any one of two values, depending upon the state of its control 
line. (See Figure 14.) In dual-modulus prescaling, the lower 
speed counters are uniquely configured. Special control logic 
is necessary to select the divide value, P or P -I- 1, in the pre- 
scaler for the required amount of time. 

The modulus control signal Is low at the beginning of a 
count cycle, enabling the prescaler to divide by P-i- 1, until the 
A counter has counted down to zero. At this time, modulus 
control goes high, enabling the prescaler to divide by P, until 



the N counter counts down the rest of the way to zero; N 
minus A additional counts. 

Ntot=(P + 1)A + P(N-A) 

= NP + A 

Modulus Control is then set back low, the counters preset to 
their respective programmed values, and the sequence is 
repeated. 

This provides for a total programmable divide value of (N 
times P) + A. To have a range of total divide values in sequence, 
the A counter is programmed from zero through P-1 for a 
particular value N in the N counter. N is then Incremented by 
1 and the A counter is sequenced from zero to P- 1 again. 

Certain constraints apply when using dual-modulus pre- 
scaling: 1) N is greater than or equal to A always applies; 2) 
the value of P must be large enough so that the maximum 
frequency of the VCO divided by P must not exceed the fre- 
quency capability of the N and A counters; also, 3) P times 
the period of the maximum VCO frequency must be greater 
than the sum of the prop delay through the dual-modulus 
prescaler plus the prescaler setup or release time relative to 
its control signal plus the propagation delay of frequency in 
(fjn) to Modulus Control. 
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Figure 13. Single-Modulus Prescaling 
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Figure 14. Dual-Modulus Prescaling 



FREQUENCY SYNTHESIZER EXAMPLE 

Suppose the MC145159 is to be used in a system which 
operates from 118.000 to 135.975 IVIHz in 25 kHz steps, i.e., 
aircraft communication transceivers. (See Figure 15.) A pre- 
scaler is needed to divide down the maximum VCO output 
frequency to a frequency that the MC145159 can handle (15 
MHz maximum at V[)d = 5 V). A minimum prescale value of 



10 is required. However, if a divide-by-10 single-modulus pre- 
scaler is used, the reference frequency would have to be ad- 
justed to 2.5 kHz in order to maintain the 25 kHz step size. 
Therefore, dual-modulus prescaling is desired and the 
MC12016 divide-by-40/41 prescaler is selected due to an input 
frequency capability of 225 MHz and the ability to divide down 
the VCO frequency to well under 15 MHz. 
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Figure 15. Typical System Application 
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With a reference frequency of 25 kHz, the N and A counters 
must be loaded with the proper values to achieve 1 1 8 to 1 35.975 
MHz at the loop output. For example, at fmax- 

135.975 MHz 
^^°^= 25 kHz 

Ntot = 5,439 

To arrive at programming values for N and A, use: 
Ntot=NP + A 

Substituting in, and for now, letting A = 0: 
5,439 = N(40) 

N = 135.975 

Therefore, N = 135 is used. Now, A must be determined. 
A = Ntot-NP 

A = 5,439-(135)(40) 

A = 39 



Similarly, at fmin- 



Ntot = 



118 MHz 



25 kHz 
Ntot = 4,720 
Ntot = NP + A 

40 
N = 118 

Therefore N = 1 18 and A = 0. 

A table can be built up showing the values of N and A and 
their corresponding loop output frequencies. 

Table 1. Output Frequencies and Their Corresponding 

N and A Counter Values 

(fref = 25kHz, P = 40) 



Output 








Frequency 


Ntot 


N 


A 


(MHz) 








118.000 


4,720 


118 





118.025 


4,721 


118 


1 


118.050 


4,722 


118 


2 


118.975 


4,759 


118 


39* 


119.000 


4,760 


119 





119.025 


4,761 


119 


1 


135.950 


5,438 


135 


38 


135.975 


5,439 


135 


39 



In the example above, a 25 kHz reference frequency is used. 
This frequency Is generally established at the reference input 
of the phase detector by an on-chip oscillator used with an 
external crystal. The R counter is programmed to divide down 
the crystal frequency to the required reference frequency. In 
this case 25 kHz. With the MC145159, the divide-by-R range 
is from 3 to 16,383. Therefore, the designer has many options 
in choosing the crystal frequency. One example is a 3.2 MHz 
crystal with a divide-by-R of 128 to yield a reference frequency 
of 25 kHz. Obviously, many other combinations are possible. 

Now, a suitable gain must be chosen for the phase detector. 
With a 25 kHz reference frequency, successive f r pulses occur 
40 ns apart. For the first attempt, the ramp capacitor is chosen 
to charge up to Vpo' '" one-eighth the time, or 5 fis. (The 
slope with which the ramp capacitor charges is the phase 
detector gain.) Therefore, the selected gain is 6.4 V/rad with 
a 5 V supply. Larger values of gain can be selected to speed 
up lock times; however, induced noise in the loop may be 
increased. 

Values of phase detector components can now be deter- 
mined using the equation for phase detector gain. 



K<^ = 



. ^charge 
27rfRCR 



[V/rad] 



letting Or = 500 pF and solving for Icharge yields 

'charge = 500 ^A 

Figure 8 shows that the graph for Vqd = 5 V crosses the 500 
nA axis at Rr=20 kQ. With Cr = 500 pF, Ch is chosen to be 
50 pF. Slightly larger values for hold capacitance may be re- 
quired for noise considerations. Finally, the output resistor 
(Rq) can be any value between 10 kli and 1 MQ, as long as 
the analog output bias current is compatible with the employed 
low-pass filter. (See Figure 9.) 

A major concern in designs with the MCI 451 59 is combining 
the analog phase detector output with the Frequency Steering 
Output properly. Three possible methods are shown In Figure 
16. It should be noted that these three connection schemes 
are theoretical only and have not been tested in the lab. Meth- 
ods of connecting these two outputs will be the subject of a 
forthcoming application note. 

The low-pass filter and voltage-controlled oscillator must 
also be planned but carefully for optimal loop performance. 
For the MC145159, the loop filter can be combined with the 
connection scheme for the phase detector outputs. Further 
filtering may be necessary if dictated by the system require- 
ments. In the previous example of aircraft communication 
transceivers, a VCO must be chosen for the loop. The Motorola 
MCI 648 is a good choice due to an output frequency capability 
above the f^ax constraint of 135.975 MHz. Consult the 
MC1648 data sheet for VCO design considerations. 

With the loop all in place and powered up, the counters 
must be programmed for the synthesizer to tune to the desired 
channel. From Table 1, suppose 135.975 MHz is the VCO 
output frequency desired. The N counter should be pro- 
grammed to 135 and the A counter to 39. Also, with a 3.2 
MHz crystal and 25 kHz channel spacing, the R counter should 
be programmed to 128. 



*Note that because P = 40, the maximum value of A = 39. 
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Figure 16. Possible Methods for Combining Analog Phase Detector Output and Frequency Steering Output 



CONCLUSION 

This application note discussed the open-loop characteris- 
tics of the IV1C145159 PLL frequency synthesizer with analog 
phase detector. The MC145159 uses an Improved method over 
the traditional sample-and-hold technique while providing an 
alternative to digital phase detectors in frequency synthesis 
applications. The Frequency Steering Output together with 
the Analog Phase Detector Output combine to produce an 
error signal without the introduction of excessive noise. In 
fact, this phase detector scheme minimizes filtering require- 
ments, reduces VCO modulation sidebands, and allows for 
wider loop bandwidths than are normally possible with digital 
phase detector outputs. 

An additional application note is planned to cover the closed- 
loop application of the MC145159, especially the methods for 
combining the two phase detector outputs. 
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Motorola has developed a series of low power narrow- 
band FM dual conversion receivers in monolithic silicon 
integrated circuits. The MC3362 and the MC3363 are man- 
ufactured in Motorola's MOSAIC process technology. 
This process develops NPN transistors with f j = 4 + 
GHz, which allows the MC3362 and the MC3363 to have 
excellent very high frequency (VHF) operation with low 
power drain. They are ideal for application in cordless 
phones, narrowband voice and data receivers, CB and 
amateur band radios, radio frequency (RF) security 
devices and other applications through 200 MHz. 

Features of the MC3362/3 Receiver ICs: 

• Broadband RF input frequency capability (to 200 MHz 
using internal oscillator, over 450 MHz using external 
oscillator) 

• Single supply operation from Vcc = 2 to 7 Vdc 

• Low power consumption (Ice = 3 mA typical at Vcc 
= 2 Vdc) 

• Internally biased NPN RF transistor amplifier (MC3363) 

• Complete dual conversion circuitry — first mixer and 
oscillator included 

• First local oscillator (LO) includes buffered output and 
varactor diode to allow phase locked-loop (PLL) fre- 
quency synthesis for multichannel operation. 

• Buffered second local oscillator output available for 
PLL reference input (MC3362) 

• Multistage limiter and quadrature detection circuitry 
included 

• RSSI (Received Signal Strength Indicator) with Carrier 
Detect logic included 

• Built-in data slicing comparator detects zero crossings 
of FSK data transmission 

• Inverting operational amplifier included for audio mut- 
ing or active filtering (MC3363) 

SCOPE 

This application note contains functional descriptions 
and applications information pertaining to the various 
functional blocks of the MC3362/3 receiver circuits. Four 
receiver application circuits are shown. A single channel 
receiver and a 10 channel frequency synthesized receiver 



designed for the 49 MHz cordless telephone band are 
shown. A 256 channel "2 Meter" (144-148 MHz) amateur 
band receiver is also shown, including an appropriate PLL 
frequency synthesizer design to control the receiver's 
local oscillator. Finally, a low cost application featuring 
the MC3362 as a single chip manually tunable 162 MHz 
weatherband receiver is shown. A directory of external 
component manufacturers is included as an appendix. 

COMPARISON OF THE MC3362 AND THE MC3363 

Figures 1 A and 1 B show the system block diagrams of 
MC3362 and MC3363, respectively. The MC3362 and the 
MC3363 are made from the same die, but a final metal 
mask difference allows different features to be made 
available on each. Data pertaining to the common func- 
tional blocks are identical on both circuits. 

The MC3363 is a complete VHF dual conversion FM 
receiver including RF amplifier, two mixers and oscilla- 
tors, limiting IF amplifier and quadrature detection cir- 
cuitry, received signal strength indicator (RSSI) circuitry, 
squelch circuitry and a data shaping comparator for 
detecting FM frequency shift keyed (FSK) data transmis- 
sions. Receivers using the MC3363 alone can achieve 
better than 0.3 ^tV input sensitivity for 1 2 dB SINAD, from 
a 50 n source. The MC3363 comes in a 28-lead plastic 
wide SOIC package only. 

The MC3362 is optimized for cordless telephone appli- 
cations and as such does not contain the RF preamplifier 
or squelch circuitry. In addition, the second local oscil- 
lator contains a buffered output so that it can serve as 
the system frequency reference in applications where a 
10.240 MHz or 10.245 MHz reference is needed. In gen- 
eral, the MC3362 can be substituted for the MC3363 
where: 

• A receiver with sensitivity of 0.7 /aV at the input for 
12 dB SINAD is adequate. 

• An external RF preamplifier with AGC is desired (such 
as MOSFET's 3N211 and MPF211). 

• Receiver squelch is not needed. 

• Surface mount technology cannot be used. The 
MC3362 is available in two 24-lead plastic packages 
(DIP and wide SOIC surface mount). 



MOSAIC is a trademark of Motorola, Inc. 
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Figure 1A. MC3362 internal Block Diagram 
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Figure IB. MC3363 internal Blocic Diagram 
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FEDERAL REGULATIONS, 
RECOMMENDED STANDARDS 

Radios built for certain VHF and UHF bands may qualify 
under the FCC Code of Federal Regulations Title 47, Part 
15, for use by unlicensed operators. It is important to 
know the federal regulations concerning a particular fre- 
quency channel or band of channels before a receiver or 
transmitter circuit is designed. Contact the FCC/Govern- 
ment Printing Office to order a copy of the Code of Fed- 
eral Regulations, Title 47, Parts 0-20 which contains Part 
15, before designing a radio receiver or transmitter for 
unlicensed utility applications. 

Professional (landmobile) radios come under another 
part (Part 90) of the Title 47 code. There are a set of 
standards, published by the Electronic Industries Asso- 
ciation, which dictate recommended operating specifi- 
cations for two way communication equipment. These 
standards provide useful information about radio per- 
formance, terminology and measurement techniques 
and are useful even if professional radios are not a 
designer's primary goal. Contact the EIA at 
(202) 457-4900 to order the standards listed below. The 
FCC/GPO can be reached at (202)275-2054 or 
(213) 894-5841. The pertinent documents are: 
Number Description Parts Referenced 



Radio Frequency 

Devices 
Landmobile Radios 



FCC Title 47, Code of Federal 

Part 15 Regulations 

FCC Title 47, Code of Federal 

Part 90 Regulations 

RS-204-C EIA Recommended FM/PM Receiver 

Standard Standards 

EIA-152-B EIA Recommended FM/PM Transmitter 

Standard Standards 

EIA-316-B EIA Recommended Test Conditions, 

Standard Radio Standards 

REFERENCE LITERATURE 

The following Motorola literature may be useful when 
designing with the MC3362/3 receivers: 
Number Description Parts Referenced 

DL128, Rev. 2 Linear and MC3362, MC3363, 

Interface Device MC341 19, MC2831A, 

Data MC2833, MCI 3060, 
MC33171 

DL130 CMOS/NMOS MC1451XX CMOS 

Special PLL's 
Functions Data 

DL1 22 MECL Device MCI 2XXX ECL 

Data Prescalers 

DL126 Small Signal 3N211, MPF211 

Transistor Data 

COMPANION DEVICES 

• The MC2831A and the MC2833 low power FM trans- 
mitter ICs provide all essential functions for cordless 
telephone and general transmitter and oscillator appli- 
cations through 60 MHz (MC2831A) and 200 MHz 
(MC2833, using internal very high frequency [VHF] 
transistors as frequency multipliers). 

• The MC34119 low power audio amplifier with differ- 
ential outputs provides efficient power transfer and 



eliminates the need for the typical large audio coupling 
capacitor. 

• The MC13060 Mini-Watt audio amplifier (for higher 
powered audio output). 

• The MC33171 low power single supply operational 
amplifier for use as an RSSI buffer or active integrator. 

• The MCI 451 6X series of dual PLL frequency synthes- 
izers for development of 1 channel cordless telephone 
band transceivers. 

• The MC12XXX series of ECL prescalers and 

• MC1451XX series of CMOS Frequency Synthesizers for 
development of VHF "high band" radios to 200 MHz 

• The MC145442/3 single chip 300 baud modems which 
allow audio frequency shift keyed (AFSK) RF modem 
design for very reliable data transmission. 

• The 3N211 and MPF211 dual gate MOSFET's for 
MC3362 RF preamplification with AGC capability. 

BLOCK DESCRIPTION 

RF Amplifier (MC3363 only) 

The MC3363 contains an internal NPN bipolar RF ampli- 
fier transistor. The base of the transistor is biased inter- 
nally to approximately 0.8 Vdc, which simplifies 
common-emitter amplifier design. Grounding the emitter 
yields an emitter current 1^ = 1.5 mA and voltage gain 
Av = 20 dB with a collector load Rl = 1 kO. 

Emitter degeneration resistors can be added to lower 
current drain, with R^ decoupling used to preserve the 
gain. With the emitter grounded the input at Pin 2 looks 
like 180 n in parallel with 20 pF at 50 MHz. The noise 
figure at 50 MHz and unity gain frequency (fj) of the NPN 
transistor are approximately 2 dB and 3 GHz, respectively, 
at Ie = 1.5 mA. The collector load can be resistive, as 
shown in Figure 10, ortuned as shown in Figure 14. When 
both input and output are tuned and/or impedance 
matched care must be taken to prevent unwanted oscil- 
lations — this is why the 2 kfl resistor is included in the 
collector load of Figure 14. 

First Mixer 

The first mixer is a doubly balanced multiplier, driven 
directly from the RF input and from the first local oscil- 
lator via a cascode amplifier. It is used to convert the RF 
input frequency down to the first IF of 10.7 MHz. The 
input admittance seen at either RF input pin is 670 ohms 
in parallel with 7 pF at 50 MHz; that is, Rp = 670 n and 
Cp = 7 pF. The series equivalent impedance at 50 MHz 
is Rs = 210 ft and Cs = 10.2 pF. The first mixer's input 
is differential, but can be driven single-ended with no 
loss in system gain. If a single-ended input is used, be 
sure to AC ground the unused pin. This can be done with 
a bypass capacitor to the negative rail (V^e) or by con- 
necting the pin directly to the Vqc supply. 

The isolation of the mixer is shown in Table 1, and of 
particular value In many applications will be the strong 
attenuation (41 dB) of the local oscillator at the mixer 
input. The isolation is due to the fully balanced mixer 
configuration used and helps to reduce LO radiation at 
the receiver's antenna. 

Table 1. First Mixer Isolation Level (in dB) at: 
Signal LO Tank Mixer Out (IF) Mixer In (RF) 

LO -17 -41 

RF -16 -9 

IF -29 <-40 
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NOTES: 

1. The varactor control pin controls the net capacitance across the 
local oscillator tank pins. The net capacitance will be approximately 
20-25 pF when this pin is left open and 10-15 pF when connected 
to VcCf depending upon strays and the Vcc value used. If the Vcc 
supply is regulated, connect the varactor control pin to Vcc^ 
otherwise, bypass via a 0.01 /nF capacitor to ground. 

2. Connect the oscillator as shown in the left hand drawing (Initial 
Alignment) and adjust LI so that the tank resonates approximately 
2-3 MHz below the crystal frequency. The frequency should be 
checked by examining the buffered output using a high Impedance 
probe or by some sort of inductive pickup which will not push the 
oscillator off frequency. The frequency should be: 

^L° " 277 V(L1 + L2) Cvaralt^ 

3. Break the L1-L2 connection and add XI and R2. Verify that the LO 
operates at the desired frequency by applying an RF input of 




XI R1 

-o BUFFERED OUTPUT 
i 3 m (OPTIONAL) 



10.7 MHz above or below the crystal frequency and checking for 
receiver quieting. Make sure that there is proper LO amplitude. Also 
there should be approximately 200 mVpp seen at either LO tank pin. 
The buffered LO output should yield 200-600 mVpp depending on 
the Vcc value used. 

The R2 resistor must be included or else the oscillator will latch. 
This method has been proven effective up to 65 MHz using 3rd 
overtone crystals, but has proven unreliable at higher frequencies 
(usually using 5th and 7th overtone types). For higher frequency 
operation on a single channel, a signal can be injected into the local 
oscillator port. (See the "First Mixer and Oscillator" section.) 
Component values: The R1 resistors should be 10 to 50 kD, and are 
included in order to add some current and gain to the local 
oscillator. LI should equal L2 in nominal value and a fixed value 
might be used but startup with different crystals might be degraded. 
R2 should be 300 to 1500 fi. XI should be 3rd overtone, series 
mode resonant (no load capacitance specified). 



Figure 2. Running the MC3362/3 First Local Oscillator 
on a Single Channel Under Crystal Control 



The open circuit conversion voltage gain of the first 
mixer is typically 24 dB, flat to 7 MHz. internal roiloff is 
provided above 7 MHz to suppress RF and LO signals 
and spurious products sent on to the second mixer. The 
gain at 10.7 MHz is typically 18 dB. The output circuit Is 
an emitter follower which is impedance-matched to 330 
ohms to drive 10.7 MHz ceramic filters which typically 
have 330 ohm input and output impedances. For appli- 
cations which require a high impedance crystal filters, 
impedance matching will likely need to be added at the 
first mixer's output to preserve the filter's response. 

First Local Oscillator and Varactor Diodes 

Associated with the first mixer is the first local oscillator 
(LO). It is a complete voltage controlled oscillator and 
only requires an external LC tank circuit (no external var- 
actor diode). For multichannel applications, the oscillator 
includes varactor tuning and a buffered output suitable 
for interfacing to a PLL frequency synthesizer. This is the 
approach used in the receivers of Figures 10 and 11. The 
maximum oscillation frequency obtained has been 
approximately 190 MHz, achieved by injecting extra cur- 
rent into the oscillator. To inject current into the local 
oscillator, connect pull-up resistors of 1 0-50 kO from Vqc 
to each LO tank pin. The LO buffered output varies from 
400 mVpp to 1100 mVpp with supply voltage and the 
output waveform appears best with Rpd = 3 kft, as 
shown in Figure 3. 

There are internal varactor diodes which have capac- 
itance which appears across the lo^al oscillator tank pins. 
The internal capacitance can range from 10 to 25 pF 



depending on the control voltage applied to the varactor 
control pin (MC3362 Pin 23, MC3363 Pin 27). The capac- 
itance is maximum when the voltage applied is at the 
minimum (0.7 V) value. Applying voltages greater than 
Vcc 3"d lower than 0.7 V to the varactor control pin can 
cause the oscillator to stop. 

The first local oscillator can be crystal controlled to run 
on a single channel. The procedure of Figure 2 shows 
how to do this for applications through 65 MHz. The 
receiver of Figure 10 uses this approach. 




Figure 3. First Local Oscillator Buffered Output 
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A third application of the local oscillator is to drive it 
from an external source. This is recommended for appli- 
cations from 75 MHz to 200 MHz and beyond which do 
not require PLL frequency synthesis. The inputs are dif- 
ferential and they must be driven using a wideband RF 
transformer or balun. The input voltage seen at either 
tank pin should be roughly 100 mVrms to ensure proper 
operation of the mixer and care should be taken so that 
any inductance present at the LO tank pins does not res- 
onate with the internal varactor capacitance (a small val- 
ued resistor of 50-100 H should ensure this does not 
occur). Using this approach, no loss in mixer gain is seen 
until the RF and LO inputs are taken over 450 MHz. The 
RF and LO inputs should be run with a 10.7 MHz differ- 
ence in frequency to accommodate the first IF bandwidth, 
so image frequency considerations (preselector filter 
quality) may limit the maximum RF input frequency to 
less than 450 MHz. 

Second Mixer and Second Local Oscillator 

After the 10.7 MHz IF signal is filtered using a ceramic 
filter, it is applied to the second mixer input. The second 
mixer is also doubly balanced to reduce spurious 
responses and typically is used to convert the 10.7 MHz 
IF down to 455 kHz for application to the limiting amplifier 
and detection circuitry. In the typical low cost application, 
the mixer is driven single-endedly from a ceramic filter, 
with one of the mixer inputs bypassed directly to the Vqc 
supply. The open circuit conversion voltage gain is typ- 
ically 25 dB. For applications which require a high imped- 
ance crystal filter, impedance matching will likely need 
to be added at the second mixer input to preserve the 
filter response. The second mixer output is rolled off 
above 500 kHz, to reduce spurious response and idle 
noise. 

The second local oscillator is a Colpitts type which is 
typically run under crystal control. The crystal used is 
specified for fundamental mode operation, calibrated for 
parallel resonance with a load capacitance of 30-40 pF. 
The typical waveform seen at the base is shown in Figure 
4. The oscillator can be run at 10.240 MHz or 10.245 MHz, 
depending on the first local oscillator frequency desired. 



The MC3362 second local oscillator has a buffered output 
available which can be used to drive the reference fre- 
quency input of a PLL synthesizer or a prescaler. An exter- 
nal local oscillator signal can be injected into the local 
oscillator's base, with the emitter pin left open. The signal 
should be sinusoidal and should be approximately 300 
mVpp to 500 mVpp in level. 

The output admittance of the second mixer at 500 kHz 
is 1500 n in parallel with 50 pF; that is, Rp = 1500 H and 
Cp = 50 pF. The series equivalent impedance is Rs = 
1420 ft and Cs = 1065 pF. This impedance matches the 
typical input impedance of standard 455 kHz ceramic fil- 
ters, which have 1500-2000 fl typical input and output 
impedances. 

Limiting IF Amplifier and Quadrature Detector 

The 455 kHz IF signal is applied to the limiting IF ampli- 
fier, where it is amplified and limited before application 
to the quadrature detection circuitry. The limiting IF 
amplifier input has an input impedance of approximately 
1.5 kft, which provides good power transfer from 1.5 kfl 
ceramic filters. The limiting IF circuitry has 10 /tV input 
sensitivity for -3 dB limiting, flat to 1 MHz. In order to 
preserve overall power supply current drain, the limiting 
IF and the receiver in general are not designed for wide- 
band applications. 

The coupling capacitor from limiter output to quadra- 
ture tank and detector input is provided internally and its 
value is 5 pF. The 455 kHz oscillator circuit is typically 
built around an LC tank circuit, with Cp = 180 pF, Lp = 
680 fiH. Typical ceramic resonators can not be driven 
from the quadrature tank pin. A waveform like that of 
Figure 5 should appear at the quadrature tank pin during 
periods of full receiver quieting and no modulation. 

Meter Drive (RSSI) 

The amplitude of the RF input signal at the appropriate 
frequency is monitored by meter drive circuitry. This cir- 
cuitry detects the amount of limiting in the limiting IF 
amplifier and produces a linear change in current (nom- 
inally 0.1 )LtA) at the meter drive pin for each decibel of 
change in the RF input. The meter drive circuitry is fairly 
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Figure 4. Second Local Oscillator Waveform 



Figure 5. Quadrature Tank Pin Waveform Under 
Strong Received Signal Condition 
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linear for input signal levels over a 60 dB range. This 
output can be used as a meter drive or Received Signal 
Strength Indicator (RSSI) and needs to be bufffered. In 
order to provide a linear, wide ranging RSSI output volt- 
age, three things must be accomplished: 

1. The Meter Drive pin (MC3362 Pin 10, MC3363 Pin 12) 
should be clamped to within Vbe/2 (approximately 300 
mV) of the MC3362/3 supply voltage, or loading of the 
Meter Drive's current source will occur. The carrier 
detect output is disabled (high output) when the 
Meter Drive pin is clamped in this manner. There are 
diodes present at the Meter Drive pin which can inter- 
fere with the Meter Drive. (See Figure 6 for a schematic 
representation.) With these diodes present the voltage 
swing possible at the Meter Drive pin is limited to a 
diode drop above and below the Vqc supply. 

2. Some type of current to voltage conversion must take 
place. The RSSI output is typically 4 to 12 fxk. 

3. Negative feedback must be provided in the output 
buffer to counteract buffer amplifier gain variations. 
Some method of output level adjustment may be 
desirable. 
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Figure 6. Schematic Representation of Meter Drive 
"Parasitic Circuits" 

Carrier Detect 

Another configuration for the meter drive and carrier 
detect circuitry, is to program the carrier detect output 
using a resistor from the meter drive pin to the Vcc sup- 
ply. The carrier detect pin is an open collector output so 
a pull-up resistor is required. The carrier detect is active 
low, meaning that an RF input above the programmed 
trip level will yield a low output (<0.1 V) at the carrier 
detect pin. When the RF input is below the trip level (or 
is detuned) the carrier detect pin will be at the supply 
voltage. The trip level is set by the resistor value used 
between the meter drive pin and supply. A resistor of 
130 kfl sets the trip level to approximately - 1 10 dBm at 
the first mixer's input, which is roughly the 12 dB SINAD 
point of the receivers with no external RF amplification. 
It should be noted that the meter drive current will not 
have the same linear 0.1 /lA/dB current-input level rela- 
tionship as when the meter drive is buffered as discussed 
above, so an analog RSSI output is not really achievable 
when Carrier Detect is ijsed. 
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Figure 7. Sample RSSI Buffer 



Recommend MC33171 as the operational amplifier. 
The MC33171 is a low-power single supply single op 
amp with offset adjustment capability. 
Vcci = MC3363 supply (2 V to 7 V) 

VOUT = Vcc1 + 'meter (Rf) 

Vcc2 = Op amp supply. Make this high enough to stay 
within the op amp's common mode input range — 
equal to Vcc"! + 2.2 V for the MC33171. This voltage 
also must be high enough to provide the maximum 
VquT desired. 

R|s can be added to level shift the output, and is 
optional. The output voltage will be adjusted down- 
ward by a factor of (Vcci - Vcc2)(Rf/R|s)- 
Compensation capacitor Cc is added to ensure stability 
and will limit the circuit's response time. 
This circuit is not recommended for general purpose 
AM detefction. 



Muting (MC3363 only) 

Audio muting can be provided in two ways. The carrier 
detect output can be DC coupled to the MC3363 muting 
op amp input (Pin 15) and the op amp output can serve 
to mute the audio. That is, the op amp output (Pin 19) 
serves as a switch to ground in the audio signal path. 
When the carrier level decreases below the carrier detect 
trip point, the carrier detect pin will go to Vcc ^nd the 
op amp output will go into saturation, muting the audio. 
This yields a simple squelch with minimum external com- 
ponents and is shown in Figures 10 and 14. 

Another way to mute the audio on MC3363 is to use 
the op amp as an active filter for detecting noise above 
the audio passband. The recovered audio is fed through 
the active filter, rectified, integrated and compared to a 
reference level. When the level rises above the reference, 
a squelch gate is triggered. The data slicing comparator 
on the MC3363 might be used as a squelch gate. This 
noise triggered squelch would be executed similarly to 
the squelch in MC3357/59/61 FM IF applications. (See the 
MC3359 data sheet for details.) This type of squelch frees 
the Meter Drive circuit to provide a linear output as noted 
under "Meter Drive (RSSI)" above. 
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Data Recovery 

Both receivers contain a data slicing comparator which 
provides data shaping and limiting of frequency-shift 
keyed (FSK) serial data transmissions. The data slicer is 
a non-inverting type, with the negative input terminal 
biased internally to Vcc/2. Typically the data slicer is AC 
coupled to the recovered audio pin via a 0.01 /xF to 0.1 /LtF 
capacitor. Larger coupling capacitors can cause distortion 
of the detected output and this is seen as negative slew 
rate limiting in Figures 8 and 9. A pull down resistor from 
the detector output pin to V^e will reduce this effect if 
objectionable. The comparator output is an open collec- 
tor so a pull-up resistor is required. 

Comparator hysteresis is available by connecting the 
comparator output and input using a high-valued resis- 
tor. This helps maintain data integrity as the recovered 
audio becomes noisy, or for long bit strings of one polar- 
ity. Resistor values below 120 kft are not recommended 
as the comparator input signal will not be able to over- 
come the large hysteresis induced. Figure 8A shows data 
jitter resulting from noisy demodulated data signal. The 
improvement seen when hysteresis was added is shown 
in Figure SB. 




The maximum usable FSK data rate for any narrow- 
band FM system is typically 1200 baud subject to IF and 
quadrature bandwidth and adjacent channel spacing lim- 
itations. The approximate bandwidth required to gener- 
ate or receive a frequency modulated signal is: 

BW ~ 2 (fpnod + fdev) ^^^z, where fmod 's the mod- 
ulating frequency and f^ev 's the frequency deviation. 

This is known as Carson's Rule and is fairly accurate. 
Any modulating signal which exceeds the available IF 
bandwidth will be attenuated and/or distorted. For proper 
recovery of square waves including the leading and trail- 
ing edges approximately the 7th harmonic should be 
present. For a 1200 baud (600 Hz) square wave with f^ev 
= 3 kHz, fpnod = 4.2 kHz (7th harmonic of 600 Hz square 
wave), the bandwidth needed is: BW ^ 2(4.2 + 3) kHz 
= 14.4 kHz = ±7.2 kHz, which is acceptable in narrow- 
band FM channels. Figures 9A and 9B show the effect of 
trying to pass a 9600 baud modulated carrier through a 
narrowband channel, with resulting degradation of 
recovered data. 






Figure 8A. Noisy Recovered Data Signal 
Causes Data Jitter 
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Figure SB. Improvement in Data Jitter 
Through Addition of Hysteresis 
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Figure 9A. FSK Data Recovery at 1200 Baud 



Figure SB. Distortion of Recovered Audio 
with 9600 Baud Modulation 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN980 
4-229 



For narrowband RF modems where 300 baud is ade- 
quate, an audio frequency shift keyed (AFSK) approach 
is recommended. In this application two audio tones (for 
Logic "0" and Logic "^") are modulated onto an RF carrier 
and transmitted to the receiver, which reproduces the 
audio tone sequence. The audio tones can be generated 
at the transmitter and decoded after the receiver by the 
MC145442/3 single chip 300 baud modems. 

BREADBOARDING 
Do not attempt to build a high frequency radio circuit 
using a wirewrap or plug-in prototype board. While the 
MC3362 and the MC3363 are "tame" as high gain receiv- 
ers go, high frequency layout techniques are critical to 
obtaining optimal receiver performance. This means 
(typically) a one- or two-sided copper clad board with 
adequate ground plane connected to V^g potential. It is 
also important that all Vqq interconnections are made 
using copper traces on the board. Do not use "free float- 
ing" point to point wiring for the Vcc interconnections! 
In general, keep all lead lengths as short as possible, with 
an emphasis on minimizing the highest frequency path- 
lengths. Decoupling capacitors should be placed close to 
the IC. If these techniques are not followed then the 



receiver sensitivity and noise quieting will suffer, and 
oscillations can occur. 

APPLICATIONS CIRCUITS 

Single Channel VHP FM Narrowband Receiver 

The first application shown is of a complete single 
channel VHF receiver operating at 49.67 MHz. This appli- 
cation includes a suitable circuit for running the first local 
oscillator under crystal control on a single channel, which 
is particularly useful for dedicated remote control links 
and low cost two-way radios through 75 MHz. The circuit 
contains a simple carrier level based squelch circuit and 
audio amplification. 

The 49.67 MHz receiver frequency is within the 49 MHz 
USA cordless telephone band. Radios built for this band 
may qualify under FCC Code of Federal Regulations Title 
47, Part 15, for use by unlicensed operators. It is impor- 
tant to know the federal regulations concerning a partic- 
ular frequency channel or band of channels before a 
receiver circuit is design (see the notes on FEDERAL REG- 
ULATIONS, RECOMMENDED STANDARDS above). 

Figure 10 shows the complete receiver schematic. The 
LC network shown is used to match the input impedance 



TEST 
POINT 




LEGEND: 

XI = 10.245 MHz, fundamental mode, load capacity 32 pF. 
F1 = 455 kHz ceramic filter, Rjn = Rout = 1.5 kft to 2 kfl. 

Part numbers are muRata CFU455X or CFW455X — suffix 

denotes bandwidth. 
LCI = 455 kHz quadrature tank circuit. Part numbers are Toko 

RMC2A6597 HM or 5SVLC-0637BGT (smaller). Ceramic 

discriminators cannot be used with the MC3362/3, as their input 

impedance is too low. 



PI =10 kft, audio taper. 

F2 = 10.7 MHz ceramic filter, Rjr 



Rout = 330 ^• 



Part numbers are muRata SFE10.7MJ-A, SFA10.7MF5, or 
SFE10.7MS2-A. 
X2 = 38.97 MHz, 3rd overtone, series mode 
(no load capacity specified). 

All capacitors in microfarads, inductors in Henries and resistors in 
Ohms unless otherwise specified. 



Figure 10. Single Channel FM VHF Receiver at 49.67 MHz 
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of the RF amplifier to 50 CI at this frequency. The amplifier 
collector load is a single resistor for simplicity and in 
order to enhance stability. The method of Figure 2 was 
used to develop the crystal controlled oscillator circuit at 
38.97 MHz. The RC integrator rolls off the audio above 2 
kHz in order to minimize unwanted noise output. This 
enhances receiver sensitivity and provides proper audio 
deemphasis. The receiver, without the audio amplifier, 
has 6.2 mA current drain at Vcc = 5 V for a total dissi- 
pation of 31 mW. Using a 455 kHz filter with a 6 dB 
bandwidth of ±10 kHz the receiver has a 12 dB SINAD 
point of 0.28 /iV, modulation acceptance of 10.4 kHz and 
distortion below 1.2% with fmod - "I kHz and modulation 
deviation f^jev = 3 kHz. The maximum (S + N)/N ratio 
obtained is 60 dB. 

The MC341 19 audio amplifier adds 3 mA quiescent cur- 
rent drain at 5 V, can deliver 250 mW into an 8 (1 speaker 



and has differential outputs which eliminate the need for 
the typical large audio coupling capacitor. It also has a 
chip disable input which provides muting and power 
conservation. 

Ten Channel Frequency Synthesized 
Cordless Telephone Receiver 

A demonstration receiver circuit has been built featur- 
ing the MC3362 and the MC145160 dual phase locked 
loop (DPLL). This receiver features frequency synthesis 
to cover the ten channels allocated in the USA for cord- 
less telephone (CT) receivers in the 46 MHz (handset) and 
49 MHz (base station) frequency ranges. The MC14516X 
series DPLL's feature two complete loops which control 
both the transmitter output and receiver first LO 
frequencies. 
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Figure 11. Ten Channel Frequency Synthesized Receiver 
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T1 and T2 wound on 

Toko Type 7KM 

7 mm Shielded Cores. 



Figure 12. Information on T1 and T2 of Figure 11 
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Figure 13. Simple Interface of MC3362/3 
To DPLL MC14516X 



Figure 11 shows the complete schematic diagram. A 
simple RF transistor amplifier is included to overcome 
antenna and RF preselector losses. The output of the VCO 
buffer is amplified by an external transistor amplifier so 
that the VCO signal strength is large enough to drive the 
receiver input pin (Fin-R) of the DPLL properly. Gain of 
the VCO is set at approximately 400 kHz using the LC 
values shown. The SB (Pin 3) of the MC145160 is 
grounded to disable the transmit loop to simplify devel- 
opment of the circuit and reduce power consumption. 
The DC voltage at the varactor control input of the 
MC3362 (Pin 23) is adjusted to Vcc/2. The system ref- 
erence frequency of 10.240 MHz is generated In the 
MC3362 second LO and fed into the Osc-ln (Pin 18) of the 
IVIC145160. 

With a supply voltage of V^c = 3 V and modulating 
signal fpnod = "• ^^^' ^dev = 3 kHz the receiver yields 
an input sensitivity of 0.6 ijl\/ for 20 dB noise quieting 
and 0.2 /iV for 12 dB SINAD from a 50 ft source. The 



audio distortion is less than 3 percent. The minimum 
noise floor is less than 80 /itV and the maximum (S + N)/ 
N ratio is 53 dB. 

There is a simpler way to interface the l\/IC3362/3 to the 
IVIC145160 DPLL as shown in Figure 13. The VCO signal 
(about 400 mVpp with Vcc = 3 V using a pull-down 
resistor of 3 kft from the MC3362 Pin 20 to Vee) "s fed 
directly into the Fin-R input (Pin 16) of the MC145160. 
With this configuration, the noise floor is raised to 245 /aV, 
10 dB higher than the circuit of Figure 1 1 . 



256 Channel Frequency Synthesized 
Two Meter Amateur Band Receiver 

A more traditional PLL frequency synthesizer approach 
is needed to provide frequency flexibility and to allow 
the MC3362/3 receivers to operate in the VHF "high band" 
(130 MHz to 172 MHz). A receiver is shown which covers 
the entire Two Meter (referring to radio wavelength) ama- 
teur radio band from 144 MHz to 148 MHz in 256 channels 
spaced at 20 kHz. The complete receiver and PLL fre- 
quency synthesizer are shown In Figures 14 and 15. The 
receiver achieved the same specifications as the 
49.67 MHz MC3363 receiver discussed above. 

The MC3363 receiver was chosen because squelch and 
good sensitivity with minimum component count were 
desired. To obtain good operation of MC3363 VCO above 
75 MHz, the first local oscillator must be running well. To 
ensure this, the Vqc supply voltage is kept above 3V 
which increases the current in the local oscillator circui- 
try. Extra current is also injected into the local oscillator 
via pull-up resistors of 10 kft from each of the local oscil- 
lator tank pins to the Vqc supply. With the components 
of Figure 14, the receiver VCO had an average gain of 
1.5MHzA/. 

The VCO output is amplified and fed into an MCI 2017 
dual modulus prescaler which drives the input of the PLL 
frequency synthesizer. The MCI 451 52-2 PLL frequency 
synthesizer was chosen for its ease of use and parallel 
input format. The MC33171 bipolar operational amplifier 
was chosen as the active integrator (loop filter) because 
of its low power drain, offset adjustment capability and 
ability to operate from a single supply voltage. The design 
equations and assumptions used to determine loop filter 
components are shown below. The MCI 451 52-2 data 
sheet and other sources go into much more detail on PLL 
theory and performance. 



Calculations of Loop Filter For VCO PLL 
Frequency Synthesis 

Assumptions: 
fo = 135.3 MHz (local oscillator center frequency) 
fs = 20 kHz (channel spacing) 
fb = 0.01 fs (loop bandwidth) 
fpc = 20 fb (filter cutoff frequency) 
§ = 0.707 (loop damping factor) 
VdD = 5 V (PLL supply voltage) 
Kvco = 9-4 X 106 radA/ (VCO gain, measured on 

MC3363 receiver) 
CI = 0.1 fif (active integrator component) 
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Results: 
fb = 0.01 fs = 0.01 (20 kHz) = 200 Hz 
frc = 20 fb = 20 (200) = 4 kHz 
K0 = Vdd/Ztt = 0.796 (phase detector gain) 

Wn = 27rfb /1257\ ^^^ ^, 

D -K^^^eiO rad/sec 

V2.06/ 



{2§2 + 1 + I(2§2 + 1)2 + 1]0.5}0.5 

Nt = fo/fs = 135.3 MHz/ 20 kHz = 6765 
Rl = K0 Kvco / (C1 Wn2 Nt) = 29.7 kn - 30 kO 
R2 = 2 § 4- (wn CI) = 23.2 kO - 24 kft 
Cc = 4 ^ (2 Rifrc) - 0.017 ix? 
With an 8 bit parallel input format several possible 

switch settings and resultant counter values and receiver 

frequencies are shown in Table 2 below (Note: Nt = NP 

+ A, where P = 64 for the MC12017). 



Table 2. PLL Frequency Synthesizer Switch 
Settings and Frequencies 

fVCO frx (MHz) 
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01111111 


105 


64 


63 


6783 


135.66 


146.36 


10000000 


106 


64 





6784 


135.68 


146.38 


10001101 


106 


64 


13 


6797 


135.94 


146.64 


10011100 


106 


64 


28 


6812 


136.24 


146.94 


11010001 


107 


64 


17 


6865 


137.30 


148.00 


11111111 


107 


64 


63 


6911 


138.22 


148.92 



RF INPUT 

144-148 MHz 

50 n 



MC3363DW 



vco 

TUNING VOLTAGE 
(SEE FIGURE 15) 



0.22 /x VCO OUTPUT 

>_ IVpp 

IV1PS5179 (SEE FIGURE 15) 

100 p 




XI = 10.245 MHz, fundamental mode, load capacity 32 pF. 
F1 = 455 kHz ceramic filter, Rjn = Rout = 1-5 kft to 2 kft. 

Part numbers are muRata CFU455X or CFW455X — suffix 

denotes bandwidth. 
LCI = 455 kHz quadrature tank circuit. Part numbers are Toko 

7MC-8128Z or 5SVLC-0637BGT (smaller). Ceramic 

discriminators cannot be used with the MC3362/3, as their 

input impedance is too low. 



PI 
F2 



LI 
VCC2 



= 10 kfl, audio taper. 

= 10.7 MHz ceramic filter, Rjn = Rout = 330 H. Part numbers 

are muRata SFE10.7MJ-A, SFA10.7MF5, or SFE10.7MS2-A. 
= 3 Turns #18 AWG, 0.25" diam., 0.125" spacing, air wound. 
= 2-12 V, must be well decoupled from the Vcc source for the 

MC3363. 



All capacitors in microfarads, inductors in Henries and resistors in 
Ohms unless otherwise specified. 



Figure 14. 2 Meter Frequency Synthesized FM Receiver 



Single Chip Weatherband Receiver 



An application of the MC3362 as a simple receiver 
tuned to the NOAA Weatherband (162.4 IVIHz to 
162.55 MHz) is shown in Figure 16. The RF input is 
applied directly to the nnixer Input, using a simple "L 
network" to provide impedance matching of the mixer 



input to 50 ft. The system sensitivity for 12 dB SINAD 
is 0.67 /tV at the input from a 50 ft source in this appli- 
cation, which is as good as most inexpensive weather 
cubes and the dual conversion design allows for excel- 
lent image protection to be provided. 
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0.01/ 



vdd= o^ 

5 V, REGULATED 



o-C 



— E 



MC145152-2 



Fin 

vss 
Vdd 

RAO 
RA1 
RA2 

0R 

0V 

MC 
A5 
NO 
N1 
N2 
N3 



LD I] 

OSCin ihr- 



N9 I}- 
N8 H- 
N7 ZH 
N6 H 
N5 H 
N4 D- 



^10.24 ^20 p 



^ / 20 p 

S4 



A4 Il-^( 

A3 Ih-</c 

AO Zh-c/c 

A2 Zl— c/c 

A1 H— c/c 



MCI 201 7 



t^ 
I^ 



MCin 
PULL- 
UP .,^ 

O^T GND 

GND IN 



vcc=Hrzt 



-o REGULATED 
0,1 At 



PI 



: 0.001 ^l 



I 



39 p 
330 



FROM VCO 
OUTPUT 
-(SEE FIGURE 14) 



NOTES: 

1. The values of R1, R2, CI and Cq are very important in determining 
the loop characteristics. Those values calculated in the text gave 
fairly "clean" VCO Control Voltage and VCO Buffered Output 
signals. 

2. Switches S1-S8 can be mini-DIP or hexadecimally coded 
thumbwheel switches. SI is the MSB, S8 is the LSB. 

3- Vcc3 = 7.2 V minimurri, to ensure that the MC33171's input 
common mode range is not exceeded. An acceptable way of 
configuring the entire receiver's power is: 



-tH MC78M05CT Kt 



^„ , vcc. Vdd 
tO' m 5 v, regulated 



R1/2 R1/2 




^^.wv-^fCL 



MC33171 



NULL NC H Vcc3 



'NULLI! 



VCO TUNING VOLTAGE 
10 k (SEE FIGURE 14) 



'tG.OI fx 



Figure 15. 256 Channel VCO Control Using PLL Frequency Synthesizer 



VrF INPUT 
5p 



0.06 )a ; 



(162.40-162.55 MHz, 50 il) 
50 p 




NOTES: 

1. Make Vcc connections along a substantial portion of copper plane. 
Do NOT use point to point wiring for Vcc interconnections! 

2. Vcc (MC3362) = 2 V to 7 V, regulated. First local oscillator will drift 
if this supply is not regulated! 

3. Vcc2 (MC34119) = 2 V to 12 V, must be well decoupled from the 
Vcc source for the MC3363. 



4. LI = 3 turns #18 AWG, .2" dia., .05" spacing, air wound. 

5. Pins 1 and 24 are differential RF input, and are unmatched and used 
single-ended in this circuit. If single-ended input is used, be sure to 
bypass the unused pin. 

6. All capacitors in microfarads, inductors in Henries and resistors in 
Ohms, unless otherwise specified. 



Figure 16. MC3362 Application as a Tunable Weather Band Receiver 
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The first local oscillator is free-running in this appli- 
cation and the receiver is manually tunable over a range 
of ±1 MHz. The oscillator's frequency and tuning range 
are determined by the external tank circuit values chosen. 
Keep in mind that the internal varactor diodes add 
10-25 pF of capacity across the tank pins, depending on 
the varactor control voltage applied. 

This circuit is easily built to vefify receiver character- 
istics on the lab bench, but as shown is not suited for 
mass production. The local oscillator temperature sta- 
bility is not nearly adequate in this free-running config- 
uration and microphonic pickup is difficult to avoid. 
Before a narrowband receiver is production-ready, the 
first local oscillator must be stable to within approxi- 



mately ±100 Hz. The "First Mixer and Oscillator" section 
provides notes on driving the first mixer using an external 
oscillator signal above 50 MHz. The MC2833 FM trans- 
mitter IC might serve as the local oscillator source up to 
200 MHz. 

SUMMARY 

The high degree of integration and MOSAIC process 
used in the MC3362/3 receivers give the radio designer 
new levels of space and power economy, while providing 
high performance and considerable design flexibility. The 
receivers shown and alternate configurations discussed 
should interest designers of cordless phones, VHF two 
way radios, remote control receivers, wireless data links 
and home security systems. 



APPENDIX — DIRECTORY OF COMPONENT MANUFACTURERS 



muRata-Erie 

2200 Lake Park Drive 

Smyrna, GA 30080 



(404)436-1300 
ceramic filters 



Toko America Inc. 
1250 Feehanville Drive 
Mount Prospect, IL 60056 
Distributor — Digikey 
Distributor — Inductor Supply 



(708) 297-0070 

quadrature coils 

coils, transformers 

(800) 344-4539 

(800)854-1881 

(800) 472-8421 (California) 



Coilcraft 

1102 Silver Lake Road 

Cary, IL 60013 



(708) 639-6400 
coils 



California Crystal Laboratories 



(800) 333-9825 
crystals 



Fox Electronics 



(813) 693-0099 
crystals 



International Crystals 



(405) 236-3741 
crystals 



Standard Crystal Corporation 



(818)443-2121 
crystals 



Note: Design-in kits including printed circuit boards are available from analog marketing. Call (602) 897-3820 



Motorola does not endorse the vendors listed. 

This is a partial vendor list and no liability is assumed 

for omissions or errors in address, product line or other information. 
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AN 1207 



The MCI 451 70 in Basic HF and VHF Oscillators 

Prepared by: David Babin and Mark Clark 



Phase-locked loop (PLL) frequency synthesizers are com- 
monly found in communication gear today. The carrier 
oscillator in a transmitter and local oscillator (LO) in a receiver 
are where PLL frequency synthesizers are utilized. In some 
cellular phones, a synthesizer can also be used to generate 
90 MHz for an offset loop. In addition, synthesizers can be 
used in computers and other digital systems to create different 
clocks which are synchronized to a master clock. 

The MC1 451 70 is available to address some of these applica- 
tions. The frequency capability of the MC1 451 70 is very broad 
— from a few hertz to 1 60 MHz. 

ADVANTAGES 

Frequency synthesizers, such as the MCI 451 70, use digital 
dividers which can be placed under MCU control. Usually, all 
that is required to change frequencies is to change the divide 
ratio of the N Counter. Tuning in less than a millisecond is 
achievable. 

The MCI 451 70 can generate many frequencies based on the 
accuracy of a single reference source. For example, the refer- 
ence can be a low-cost basic crystal oscillator or a 
temperature-compensated crystal oscillator (TCXO). There- 
fore, high tuning accuracies can be achieved. Boosting of the 
reference frequency by lOOx or more is achievable. 

ELEMENTS IN THE LOOP 

The components used in the PLL frequency synthesizer of 
Figure 1 are the MCI 451 70 PLL chip, low-pass filter, and 
voltage-controlled oscillator (VCO). Sometimes a voltage- 
controlled multivibrator (VCM) is used in place of the VCO. 
The output of a VCM is a square wave and is usually inte- 
grated before being fed to other sections of the radio. The 
VCM output can be directly used in computers and other digi- 



tal equipment. The output of a VCO or VCM is typically 
buffered, as shown. 

As shown in Figure 2, the MC1 451 70 contains a reference os- 
cillator, reference counter (R Counter), VCOA/CM counter (N 
Counter), and phase detector. A more detailed block diagram 
is shown in the data sheet. 

HF SYNTHESIZER 

The basic Information required for designing a stable high-fre- 
quency PLL frequency synthesizer is the frequencies 
required, tuning resolution, lock time, and overshoot. For the 
example design of Figure 3, the frequencies needed are 
9.20 ri/IHz to 12.19 MHz. The resolution (usually the same as 
the frequency steps Or channel spacing) is 230 kHz. The lock 
time is 8 ms and a maximum overshoot of approximately 1 5% 
is targeted. For purposes of this example, lock is considered 
to be when the frequency is within about 1 % of the final value. 

HF SYNTHESIZER LOW-PASS FILTER 

In this design, assume a square wave output is acceptable. To 
generate a square wave, a MCI 658 VCM chip is chosen. Per 
the transfer characteristic given in the data sheet, the MCI 658 
transfer function, KvcM. is approximately 1 x 10^ radians/ 
second/volt. The loading presented by the MC1658 control 
input is large; the maximum input current is 350 |xA. Therefore, 
an active low-pass filter is used so that loading does not affect 
the filter's response. See Figure 3. In the filter, a 2N7002 FET 
is chosen because it has very high transconductance (80 
mmhos) and low input leakage (100 nA). 



DIVIDE VALUE 
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Figure 1 . PLL Frequency Synthesizer 



Figure 2. Detail of the MC145170 
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4.6 MHz 
1-2Vp-p 
SOURCE 



0.01 \iF 

He- 



1MQ< 



0.01 [iF 



MCU 



DATA IN 



ENABLE 



CLOCK 



+ 5V 



PLL 
FREQUENCY 
SYNTHESIZER 



16 



JL 0.01 uF C Jj ^F < I ». 



MC145170 



PDput 



h5V 



■5V 



R2 
LOW-PASS 2.4 kQ 
FILTER i-^WSrH • 



1.5 kQ 
BIAS 



■•-^WV l-J 



1.8 MQ 



1Ma 



1^ 2N7002 

1_: 



MC74HCU04 



J04\ 



0.01 hF 

He 



0.01 JL 

hfT 



VCM 



MC1658 



•47pF 



0.01 ^iF 



0.01 ^iF 



iMa 



LOW-PASS FILTER 



on< 



0.01 jiF 
— 1^ 

PULLDOWN 



MC74HCU04 



• OUTPUT 



BUFFER/FILTER 



Figure 3, HF Synthesizer 



In order to calculate the average divide value for the N Count- 
er, follow this procedure. First, determine the average 
frequency; this is (12.19 + 9.2)/2 = 10.695 MHz or approxi- 
mately 1 0.7 MHz. Next, divide this frequency by the resolution: 
10.7 MHz/230 kHz = about 47. 

Next, reference application note AN535 (see book DL130/D 
Rev 1 ). The active filter chosen takes the form shown in Figure 
9 of the application note. This filter is used with the single-en- 
ded phase detector output of the MCI 451 70, PDout- The 
phasedetectorassociatedwithPDouthasagainfO) = \/QQ/4n. 
For a supply of 5 V, this is 5/47c = 0.398 V/rad. The system's 
step response is shown in Figure 4. To achieve about 15% 
overshoot, a damping factor of 0.8 is used. This causes fre- 
quency to settle to within 1 % at copt = 5.5. 

The information up to this point is as follows. 

fref = 230 kHz 

fVCM = 9-2 to 12.19 MHz; the average is 10.7 MHz, 
average N = 47 

power supply = 5 V for the phase detector 

KVCM = 1 x108rad/s/V 

overshoot = approximately 15%, yields a damping 
factor = 0.8 

lock time t = 8 ms settling to within 1 %, cont = 5.5 

K(l) or Kp = 0.398 V/rad. 
From the application note, equation 61 , cop = 5.5/t = 5.5/0.008 
= 687.5 rad/s. 

Equation 59 is R1C = (Kp KvVcon^ N 

= (0.398 X 1 X 108)/687.52 x 47 
= 1.79 

Equation 59 is used because of the high-gain FET. 

Next, the capacitor C is picked to be 1 ^iF. Therefore, 
R1 = 1 .79/C which is 1 .79 MQ. The standard value of 1 .8 MQ 
is used for R1. 

Equation 63 is R2= (20/C cop 

= (2x0.8)/(1 X 10-6x687.5) 
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1.7 
1.6 
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cc 

i 0.6 

% 0.5 

CD 

0.4 
0.3 
0.2 
0.1 

° 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10 11 12 13 14 
cont 

Figure 4. Type 2 Second Order Step Response 

= 2.33 ka 

A standard value for R2 of 2.4 kQ is utilized. 

HF SYNTHESIZER PROGRAMMING 

Programming the MCI 451 70 is straightfonA/ard. The three 
registers may be programmed in a byte-oriented fashion. The 
registers retain their values as long as power is applied. Thus, 
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usually both the C and R Registers are programmed just once, 
right after power up. 

The C Register, which configures the device, is programmed 
with $C0 (1 byte). This sets the phase detector to the proper 
polarity and activates PDout- This also turns off the unused 
outputs. The phase detector polarity is determined by the filter 
and the VCM. For this example, the MC1658 data sheet 
shows that a higher voltage level is needed if speed is to be 
increased. However, the low-pass filter inverts the signal from 
the phase detector (due to the active element configuration). 
Therefore, the programming of the polarity for the phase de- 
tector means that the POL bit must be a "1 ." 

The R Register is programmed for a divide value that results 
in the proper frequency at the phase detector reference input. 
In this case, 230 kHz is needed. Therefore, with the 4.6 MHz 
source shown in Figure 3, the R Register needs a value of 
$00001 4 (3 bytes, 20 in decimal). 

The N Register determines the frequency tuned. Tuning 9.2 
MHz requires the proper value for N to multiply up the refer- 
ence of 230 kHz to 9.2 MHz. This is 40 decimal. For 
12.19 MHz, the value is 53 decimal. To tune over the range, 
change the value in the N Register within the range of 40 to 53 
with a 2-byte transfer. Table 1 shows the possible frequencies. 

Table 1. The HP Oscillator Frequencies 



N Value 


Frequency, MHz 


40 


9.20 


41 


9.43 


42 


9.66 


43 


9.89 


44 


10.12 


45 


10.35 


46 


10.58 


47 


10.81 


48 


11.04 


49 


11.27 


50 


11.50 


51 


11.73 


52 


11.96 


53 


12.19 



EXTRA FILTERING FOR THE HF LOOP 

When the HF oscillator was built, the proper frequencies could 
not be tuned. The output of the MCI 658 was examined with 
an oscilloscope and the switching edges were discovered to 
be "ragged." That is, the output did not appear to be a square 
wave with clean transitions. 

The f in input of the MC1 451 70 is sensitive to 500 mV p-p sig- 
nals, and the ragged edges were being amplified and counted 
down by the N Counter. Therefore, the edges needed cleaning 
up. One method would have been to add a low-pass filter be- 
tween the MC1658 and MCI 451 70. However, because an 
additional buffer was needed elsewhere in the circuit, an 
MC74HCU04 inverter was used in place of the filter. This in- 
verter's frequency response is low enough to clean up the 
ragged edges. That is, filtering of the ragged edges occurred, 
and the output had smoother transitions. As mentioned pre- 
viously, one of the elements in the inverter package was used 
to buffer the output of the VCM before feeding it to the outside 
world. See Figure 3. 



VHF SYNTHESIZER 

The MC1 451 70 may be used in VHF designs, also. The range 
for this next example is 1 40 to 1 60 MHz in 1 00 kHz increments. 

VHF SYNTHESIZER LOW-PASS FILTER 

To illustrate design with the doubled-ended phase detector, 
the (|)R and ^y outputs are used. This requires an operational 
amplifier, as shown In Figure 5. From the design guidelines 
shown in the MCI 451 70 data sheet, the following equations 
are used: 



/K^Kvco 
" V NCRi 



damping factor 



C = 



(0nR2C 



where, from the data sheet, the equation for the (j)r and ^\j phase detector, 

K(K = y^ = A = 0.796 V/rad 

^ 271 2n 

C, = 0.707, 

27rfR ^ 27cx100kHz ^ ^^^^^ 

50 50 



and 



KVCO 



27tA fvCO _ 271 X (160 -140 MHz) 
AVvco 10-2 

= 1.57x107rad/sA/ 



(1) 
(2) 

(3) 
(4) 

(5) 



The control voltage range on the input to the VCO is picked to be 2 to 10 V. 

The average frequency = (1 40 + 1 60)/2 = 1 50 MHz. Therefore, 

the average N = 1 500. 

The above choices for C, and con are rules of thumb that are a 

good design starting point. A larger cop value results In faster 

loop lock times and higher reference frequency VCO 

sidebands for similar sideband filtering. (See Advanced 

Considerations.) 

Choosing Ci to be 4700 pF, Ri is calculated from the 

rearranged expression for con as: 

P K(i)Kvco ^ (0.796 V/rad)(1 .57 x 1 07 rad/sA/) 
Cico^N (4700 pF)(1 2,566 rad/s)2 (1500) 



= 11.23 kQ 

Therefore, chose an 11 kQ standard value resistor, 
R2 is determined from: 

2C _ (2)(0.707) 



(6) 



R2 = 



conCi (12,566)(4700pF) 

= 23.94 kn or (7) 

2.4 kQ (standard value) 

VHF SYNTHESIZER EXTRA FILTERING 

For more demanding applications, extra filtering is sometimes 
added. This reduces the VCO sidebands caused by a small 
amount of the reference frequency feeding through the filter. 
One form of this filtering consists of spitting RI into two resis- 
tors; each resistor is one-half the value of RI , as indicated by 
R1/2 in Figure 5. Capacitors Cc are added from the midpoints 
to ground to further filter the reference sidebands. The value 
of Cc is chosen so that the corner frequency of this added net- 
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2.4 kQ 4700 pF 

I — ^A^ 1(- 



ppfT 




Figure 5. VHF Synthesizer 



work does not significantly affect the original loop bandwidth 

COB- 

The rule of thumb for an initial value is Cc = 4 / ( R1 corc). 

where corc is the filter cutoff frequency. A good value is to 

choose CORC to be 1 x cob, so as to not significantly impact the 

original filter. 



COB = o)n \/l +2^2 +72 + 4^2 + 4^4 



(8) 



= 12,566\/l+(2){0.707)2+ v/2+(4)(0.707)2+ (4)(0.707)4 
= 25,760 rad/s 

CORC = 1 COB = (1 0)(25,760) = 257,600 rad/s (9) 

4 4 



R1 CORC (1 1 -23 kQ)(257,600 rad/s) 

= 1383 pF« 1500 pF 

There is also a filter formed at the input to the VCO. Again, this 
should be selected to ensure that It does not significantly affect 
the loop bandwidth. For this example, the filter is dominated 
by R14 with C5. The capacitance of the varactors (In series 
with the rest of the circuit) is much smaller than C5 and can 
therefore be neglected for this calculation. 



As above, let corc =257,600 rad/sbethecutoff of this filter. R1 
was previously chosen to be 1 kQ. Therefore, 

1 1 



C5 = 



WRCR14 (257,600)(10kQ) 
388 pF = 390 pF 



(11) 



THE VARACTOR 

The MV2115 was selected for Its tuning ratio of 2.6 to 1 . The 
capacitance can be changed from 49.1 pF to 1 27.7 pF over a 
reverse bias swing of 2 to 30 volts. Contact your Motorola rep- 
resentative for information regarding the MV2115 varactor 
diode. 

For example, three parameters are considered. 
Cj = Nominal capacitance 
CR = Capacitance ratio 
f R = Frequency ratio 



CR= 



Cvmin 
Cvmax 



fVmaxY 
VVmin/ 



where p = the capacitance exponent 



(12) 
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Therefore, 



CR = 2.6 



<D' 



log(2.6) = plog(15) 

p = log(2.6)/Iog(15) = 0.3528 

Using the nominal capacitance of 1 00 pF at 4 volts: 

100 pF . /jl0\°-3528 
Cymax \4 V/ 

12^ = 1.382 
Cvmax 



(13) 



(14) 
(15) 



(16) 



Solving for Cymax: 



Solving for Cvmin: 



100 pF 
1.382 



= 72.4 pF 



2.6: 



Cvmin 
49.1 pF 



(17) 



Cvmin = (2.6)(49.1 pF) 
Cvmin = 127.7 pF 



THE VCO 



For convenience, the i\/IC1648 VCO is selected. The tuning 
range of the VCO may be calculated as 



where 



frrm^ (Cdmax + Cs)0-5 
fmin (Cdmin + Cs)0-5 



27c[L(Cdmax + Cs)]0-5 



(18) 



(19) 



As shown in Figure 8 of the data sheet, the VCO tank circuit 
is comprised of two varactors and an inductor. Typically, a 
single varactor might be used in either a series or parallel 
configuration. However, the second varactor has a two-fold 
purpose. First, if the 1 kQ isolating impedance is left in place, 
the varactors add in series for a smaller capacitance. Second, 
the added varactor acts to eliminate distortion due to the tank 
voltage changing. 

Therefore, with the two varactors in series, C^max' = 
Cc|max/2. The shunt capacitance (input plus extemal capaci- 
tance) is symbolized by Cs- 

Therefore, solving for the inductance: 



(27tfmin)2(Cdmax' + Cg) 



:19.9nH = 20nH 



(20) 



The of the inductor should be more than 1 00 for best perfor- 
mance. 



27i[(19.9nH)(69.85pF)]0-5 



= 135 MHz 



(21) 



^max = 



27c[(19.9nH)(42.2pF)]0.5 



= 173 MHz 



(22) 



The frequency ratio is 1 .5 to 1 and is impacted by the tuning 
range of the MV2115 varactor diode used in the tank circuit. 
Therefore, the required range of 140 to 160 MHz is not limited 
by this VCO design. 

A pc board should be used to obtain favorable results with this 
VHF circuit. The lead lengths in the tank circuit should be kept 
short to minimize parasitic inductance. The length of the trace 
from the VCO output to the PLL input should be kept as short 
as possible. In addition, use of surface-mount components is 
recommended to help minimize strays. 

VHF SYNTHESIZER PROGRAMMING 

Again, programming the three registers of the MCI 451 70 is 
straightfon/vard. Also, usually both the C and the R Registers 
are programmed only once, after power up. 

The C Register configures the device and is programmed with 
$80 (1 byte). This sets the phase detector to the correct polar- 
ity and activates the (t)R and ^y outputs while turning off the 
other outputs. Like the HF oscillator, the phase detector polar- 
ity is determined by how the filter is hooked up and the VCO. 

The R Register is programmed for a divide value that delivers 
the proper frequency at the phase detector reference input. In 
this case, 100 kHz is needed. Therefore, with the 1 MHz crys- 
tal shown, the R Register needs a value of $00000A (3 bytes, 
10 in decimal). 

The N Register determines the frequency tuned. To tune 140 
MHz, the value required for N to multiply up the reference of 
1 00 kHz to 1 40 MHz is 1 400 decimal. For 1 60 MHz, the value 
is 1600 decimal. To tune over the range, simply change the 
value in the N Register with a 2-byte transfer. 

ADVANCED CONSIDERATIONS 

The circuit of Figure 5 may not function at very-high tempera- 
ture. The reason is that the MCI 451 70 is guaranteed to a 
maximum frequency of 160 MHz at 85°C. Therefore, there is 
no margin for overshoot (reference Figure 4) at high temper- 
ature. There are two possible solutions: (1) maintain the 
ambient temperature at less than 60°C, or (2) limit the tuning 
to less than 160 MHz. 

Operational amplifiers are usually too noisy for critical applica- 
tions. Therefore, if an active element is required in the 
integrator, one or more discrete transistors are utilized. These 
may be FETs or bipolar devices. However, active filter ele- 
ments are not needed if the VCO loading is not severe, such 
as Is encountered with most discrete VCO designs. Because 
active elements add noise, some performance parameters 
are improved if they are not used. On the other hand, an active 
filter can be used to scale up the VCO control voltage. For 
example, to tune a wide range, the control voltage may have 
to range up to 1 V. For a 5 V PLL output, this would be scaled 
by 2x via use of active elements. 

Some applications have requirements that must be met in the 
areas of phase noise and reference suppression. These pa- 
rameters are in conflict with fast lock times. That is, as lock 
times are reduced, reference suppression becomes more dif- 
ficult. Both reference suppression and phase noise are 
advanced areas that are covered in several .publications. As 
an example, consider that the VCO input voltage range for 
the above VHF loop was merely picked to be 8 V. Advanced 
techniques demand a trade off between this voltage range and 
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the spectral purity of the VCO output. This is because the 
lower the control voltage range, the more sensitive the VCO 
is to noise coming into its control input. 

A VCO IC may not offer enough performance for some 
applications. Therefore, the VCO may have to be designed 
from discrete components. 

Figure 6 shows the performance of the VHF Oscillator proto- 
type on a spectrum analyzer. Note that the reference 



sidebands appear at 100 kHz as expected, and are 50 dB 
down. 

REFERENCES 

CMOS Application-Specific Standard iCs, book DL130/D, 
Motorola, 1 990, MC1 451 70 data sheet and AN535 application 
note. 
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Figure 6. VHF Oscillator Performance 
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Analyze, don't estimate, phase-lock-loop 

performance of type-2, third-order systems. You can do the 
job with a programmable-calculator in 48 steps, or less. 



Phase-lock loops certainly have many uses, especial- 
ly in frequency synthesizers, but exact mathematical 
calculation of their transfer functions is difficult. This 
is particularly true for type-2, third-order systems 
(Fig. 1), which don't produce steady-state phase errors 
for step-position or velocity signal inputs. However, 
a small programmable calculator, the HP-25, easily 
—and exactly— determines the complete loop transfer 
function in 48 steps. In addition, the program data 
reveals the noise reduction you can expect for the 
loop's voltage-controlled oscillator (VCO), as well as 
the loop's stability. 

Most other design approaches must resort to second- 
order loop approximations to simplify calculations; a 
more exact method manually would take too long. 

Unlike a type-1 loop, a type-2 loop has two true 
integrators within the loop— a VCO and an 
integrator/filter after the phase detector. Replacing 
the integrator/filter with a passive-RC, low-pass filter 
results in the more common type-1 response, which 
doesn't have the phase coherence for step and velocity 
inputs between the two signal inputs to the phase 
comparator that the type-2 has. 

Moreover, a third-order loop— the order is usually 
determined by the transfer function of the 
integrator/filter (F,s,)— can reduce VCO noise sub- 
stantially, without increasing reference-frequency 
sidebands in the output signal. These sidebands 
hamper simpler loop-circuit performance. 

The transfer function of a generalized phase-lock 
loop can be represented as follows (Fig. 2): 
^0 (s)_ G,s, 



1 + G.,^,„ 



(1) 



(2) 

(3) 

and N 



^i (s 
where, from Fig. 1 

G,„ = (Kp)(F,s,)(K,/s) 
and H, = 1/N. 

The phase comparator transfer function is K 
is a digital counter/divider factor. 

A typical integrator/filter built around an op amp 
(Fig. 3) has a transfer function determined by the 
amplifier-circuit's closed-loop gain, 

Z, 
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1. A type-2 phase-lock loop has two true integrators— the 
integrator/filter (Fj) and the VCO (KJ. Replacing the 
integrator/filter with a passive-RC network converts the 
circuit to a type-1 system. 



H(s) 



2. The phase-lock loop's generalized open-loop transfer 
function, G^^^ H^^y has a third-order denominator— from 
which the circuit's name is derived. 



C2 

-\(r 



[ 




Andrzej B. Przedpelski, Vice President of Development. 
A.R.F. Products Inc.. 2559 75th St., Boulder, CO 80301. 



3. An Integrator/filter circuit can be built with a wideband 
op amp and RC feedback network. 



Reprinted with permission from Electronic Design, May 10, 1978 (Vol. 26, No. 10). Copyright ®1978, Hayden Publishing Co., Inc. 
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Table 1. Third order type-2 PLL 
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where Zi = Ri (4) 

Zf = impedance of feedback network 
The transform of the feedback network is 

1 



s(C,+C2)+ 



Zf{s) 



R2 



sC,(sC2+ ^) 
-rC2 



(5) 



and the integrator/filter transfer function is then 
s(Ci+C2) +^ 

^(s) - - 7-' 

C,Ri(sC2+ ^) 
K2 

Multiply Eq. 6 by R2/R2, then 

^ _ S(C,R2+C2R2)+1 



where 



sCiRi(sC2R2+l) 

^ ST2+I 

'' sTi(sT3+l)' 

Ti = RiCi 
T2 = R2(C, + C2) 
T3 = R2C2 



(6) 

(7) 
(8) 



G(S)H(9) ■■ 



(9) 



The open-loop transfer function of Fig. 2 is G(s)H(s; 
therefore, from Eqs. 2, 3 and 8 

, s(T2)(K,Kp) + KyKp 
s^NTiTa + s^NT, 
Note the third-order denominator, from which the 
circuit's name— third-order-loop— is derived. Note 
also the deletion of the minus sign: the circuit con- 
figuration (a phase inverter) provides the negative 
feedback. Both Kp and Kv are positive. 

If you substitute jo; for s in Eq. 9, you can get the 
equation for plotting the magnitude and phase of the 
circuit's open-loop gain as a function of frequency: 
jco(T2) (KjCp) + KJCp 
jco^NTiTa + a;2NTi 



Qja;)H(ja,) 



(10) 
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Table 2. Calculated loop response 
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*Unity-gain point "'"Maximum overshoot 

A servo-loop damping factor that appears in lower- 
order loops is not defined in third-order loops. Instead 
you determine stability by the phase margin between 
-180° and the phase at a frequency where the gain 
is unity in the open-loop gain function, Gjjij^ The 
larger the phase margin, the more stable the system. 
A phase margin of about 45° produces an adequately 
damped loop. More than 45° means greater stability 
and, of course, the system may oscillate when the 
margin approaches zero. 

Feedback also reduces noise 

Not only does feedback determine the system's 
stability, but it also delineates its noise-output charac- 
teristics. When running free, the VCO is considerably 
more **noisy" than is the circuit's reference crystal 
oscillator. But the circuit's feedback loop substantially 
reduces the VCO's output-noise spectrum, especially, 
at low frequencies. This particular reduction is for- 
tunate, because the VCO's noise output has 1/f charac- 
teristics: high-frequency noise tends to fall off without 
outside help, but the low frequency needs the help. 

An approximate expression for the loop's output 
phase noise is 



Vi 



where 



[(|e/eJ)(ev)P + [(N)(ejP, 
Cx = crystal-oscillator noise. 
ev = VCO noise. 
(e/Cn) = loop's response to VCO noise. 
And the loop's response to the VCO noise is 

(e/ej - ^ 



(11) 



(12) 



1 + G(s)H(s) 

Although G(s,H(s, determined from Eq. 9 is complex, 
only the magnitude of (e/ej from Eq. 12 is used in 
Eq. 11. Note: The greater the open-loop transfer 
function, G(s)H(s), the smaller the (e/ej, and the lower 
the loop's output noise. However, note also that the 
reference crystal oscillator's noise contribution is 
multiplied by the divider constant, N, though, hopeful- 
ly, the crystal-oscillator noise is low. 

In addition, you can get a check on the system's 
stability by plotting the loop's response to VCO noise 
(e/Cn), obtained from Eq. 12, versus frequency. You'll 
find that the curve has a high-pass response with a 
12-dB/octave slope. For best stability, any overshoot 
at the cutoff frequency should be less than 6 dB. Of 



course, lower overshoot represents higher stability. 
Clearly, the loop's mathematical analysis depends 
mainly upon calculation of G(j^)H(j^, in Eq. 10. 

Now comes the program 

To make the calculator program simpler, rewrite 
Eq. 10 as follows: 



Gau,)H(j^; 



NT,co2 



jcuTs + 1 J 



(13) 



Table 1 contains the program that solves Eq. 13. It 
provides both the magnitude and phase angle, l±, of 
the open-loop response, G(j.,v)H(jw), given Ti, T2, T3, 
KpKv/N and frequency, f(aj=27rf). The open-loop re- 
sponse magnitude is given in dB and its phase in 
degrees. Also, the magnitude of the loop's VCO noise 
response (Eq. 12) is given in dB. If answers in dB aren't 
required, however, seven steps can be eliminated. 

To see how the program works, consider a 960-MHz 
transmitter recently proposed for a Navy application. 
It calls for a phase-lock loop with the following 
characteristics to generate the 960 MHz: 
N = 64 
R, = 10,000 fi 
Ci = 4700 X 10-12 F 
R2 = 330 fi 
C2 = 470 X 10-12 F 
Kp = 0.25 V/rad 
K, = 3 X 109 (rad/s)/V 
The stable crystal-oscillator reference frequency 
used is 15 MHz. The frequency divider and phase 
comparator are built with ECL logic. From the circuit 
component values and transfer constants we obtain: 
Ti = 4.7 X 10-5 s 
T2 = 1.706 X 10-6 s 
T3 = 1.551 X 10-7 s 
(K,Kp)/N = 11.72 X lOVs 
The calculator program provided the results in 
Table 2. Note that the phase margin at unity gain 
corresponding to 94,650 Hz is 40.15°; thus the loop is 
fairly stable. Further, the loop's response to VCO noise 
shows a maximum overshoot of 3.30 dB at 100,000 Hz, 
which confirms the loop's stability (less than 6-dB 
overshoot). If the phase margin is too small or you 
want overdamped loop operation, the program allows 
you to check the effects of parameter changes and get 
the performance you want, quickly. However, keep all 
additional circuit poles above the area of interest, since 
they reduce phase margin and stability. In addition, 
don't ignore the effects of stray capacitances. And use 
a high-gain op amp with a wide frequency response 
and a VCO with a wide modulation bandwidth. ■■ 
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Optimize phase-lock loops to meet 
your needs — or determine why you can't 



The time constants of a PLL's integrator/filter 
are the keys to controlling a loop's performance. 
In the integrator/filter, you can trade off circuit 
parameters most easily to meet your needs. The other 
loop components (Fig. 1) have simple, real-valued 
transfer functions (Kv, Kp, N) that can't be changed 
as easily. But the integrator/filter's transfer function 
(Fs), detailed in Fig. Ic is the source of the high-order 
complex function in the following equation for open- 
loop gain: 

G (jc) H (jco) = j^!^ r -j^ T^ - ^ "I , (1) 

where 

Tl, Ta, Ta = time constants defined in Fig. Ic, sec- 
onds 
Kp = phase-detector gain constant, volts/radi- 
an 
Kv = voltage-controlled-oscillator (VCO) sen- 
sitivity, radians/second/volt 
N = frequency devisor 
CO = (27rf) frequency, radians 
Usually, Kp, Kv and N are given, but you can choose 
Tl, T2 and T3 to give you the loop performance you 
want. Generally, of course, you want the loop to be 
stable, to attenuate the reference frequency and to 
reduce VCO noise. But stability, being an absolute 
necessity, gets priority. The other two requirements, 
unfortunately, are inversely dependent and must be 
traded off against each other. 

A damping factor to control stability as in simpler 
second-order loops can't be readily defined in the 
third-order loop of Fig. 1. Instead, the phase margin 

l7i ED No. 10, May 10, 1978, p. 120, A. B. Przedpelski 
advised: ''Analyze, don't estbnate, phase-lock-loop 
performance. " He showed how to calculate the per- 
forvmncc of a given type-2, third-order PLL system 
with a JfS-step program for an HP-25 programmable 
calculator. This article will show you hoiv to optimize 
such a PLL to your requirements. But you will 
discover that you may not he able to get all require- 
ments simultaneously. Compromises may be neces- 
sary. 

Andrzej B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 
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1. A phase-lock loop (a) with two integrators (b) is classi- 
fied type 2. And the order— third, in this case— is estab- 
lished by the characteristics of the integrator/filter (c). 
Time constants Ti, T2 and T3 determine the integrator/fil- 
ter's detailed performance. 
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i l\ 



FREQUENCY 



2. This open-loop gain/phase plot shows a typical phase 
displacement from -180°. When the frequency, fo, which 
corresponds to 0-dB gain, is made to align with the 
maximum phase displacement, calculating Ti, T2 and T3 
is simplified. 



NOISE-REOXTION 
REGION 



FREQUENCY 

3. Increase fo and you increase the noise-reduction region 

—the shaded area bounded by the 0-dB line and the noise- 
attenuation curve. 

—the difference between 180° and the phase of the 
open-loop transfer function, where the gain is one — 
becomes the criterion for stability. Fig. 2 is a typical 
open-loop response curve showing both amplitude and 
phase response, and the phase margin. 

The asymptotic slope of the amplitude curve is fixed 
at 40 dB per octave by the loop's integrator/filter and 
VCO. The phase delay would be constant at -180°, 
except for the phase lead introduced at middle fre- 
quencies by the transfer function F(s). This phase lead 
provides the phase margin that ensures loop stability. 



not only slows the response, it also increases output 
sidebands and reduces the loop's VCO-noise sup- 
pression capability. Thus, a phase margin of about 45° 
is a good compromise between desired stability and 
the other generally undesired effects. 

Ideally, a phase comparator provides an error signal 
that is proportional to the phase difference between 
its two inputs, and nothing else. But in practice, some 
of the reference frequency, fr, always leak through 
the comparator, which frequency modulates the out- 
put signal to produce undesirable sideband frequen- 
cies. Shifting the open-loop gain-amplitude curve of 
G (jo)) H (joj) Fig. 2 to the left would attenuate fr and 
the sidebands. But such a shift also would weaken the 
circuit's VCO-noise suppression capability. 

A typical VCO noise-reduction plot is shown in Fig. 
3. Noise attentuates in the region that lies to the left 
of the curve and below the 0-dB line (shown cross- 
hatched). The unity-gain frequency, fo, defines the 
noise reduction: It's directly proportional to fo. Clearly, 
then, shifting the G (jw) H (jco) curve to the right by 
increasing fo will also increase the VCO noise-reduc- 
tion region— which is opposite the requirement for 
reducing the sidebands. Thus, as so often happens, you 
must compromise. Locate the point of minimum phase 
shift (inflection point of the phase response. Fig. 2) 
exactly at fo, the unity-gain value. 

The inflection point is strategic 

Locating fo at the phase inflection point is 
strategically valuable, because it will help solve for 
the value of Ti. But first you must determine T3. 
Accordingly, from Eq. 1 the phase margin, <A, is 

= tan -'oj T2 - tan-^ a; T3 + 180°. (2) 
Differentiate </> with respect to cx? and set the result 
equal to zero to locate coo, and the result is 

d0 ^ T2 T3 

do) 1 + (wTa)^^ 1 + ((0 Ta)^ 



= 



(3) 



Solving Eq. 3 then gives you 

"°=^3 



(4) 



And substituting Eq. 4 into Eq. 2 gives you 

tan = T2_Z^ (5) 

2 VTVE 



Finally, plug Eq. 4 into Eq. 5 and re-arrange to get 



sec0 - tan0 



(6) 



45''— a good compromise 

The phase margin should be between 30° and 70° 
for most applications. The larger the phase margin, 
the more stable the loop. But a large phase margin 



Then re-arrange Eq. 5 to get 
T ---J— 

COo 13 



(7) 



Since you want the gain to be one at the phase- 



AN254 #2 
4-246 



MOTOROLA COMMUNICAriONS DEVICE DATA 




10,000 
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4. This plot of a PLL's open-loop transfer function con- 
firms the design-parameter choices— a 45° phase margin 



at an f^ of 100 Hz and unity gain. The loop is stable, but 
some adjustments may be desirable. 



inflection point, solve for Ti in Eq. 
G (jo)) H (jco) = 1; as a result, 

KpKv r -jw T2 



T, = 



Nco=^ 



r -jo; % -1 1 
L joj T3 +1 J 



1 with 



(8) 



The 41 steps 

The program in the table solves Eqs. 6, 7 and 8 in 
41 steps with an HP-25 programmable calculator. Of 
course, the program can be adapted to other program- 
mable calculators. 

To illustrate the program's procedure, consider a 
PLL that must produce an output of 16.95 MHz from 
a 5-kHz reference, fr. The phase comparator, VCO and 
divider transfer functions are as follows: 
Kp = 0.19 V/rad 
Kv = 10.6 X 10° rad/s/V 
N = 3390 
For stability, start with a phase margin of 45° and 
an fo of about 1/50 of fr. Thus, with 

= 45° 
and 
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fo = 5000/50 
= 100 Hz, 
calculate Ti, T2 and T3 with the program: You get 
Ti = 3.63 X ir's 
T2 = 3.84 X lOr^s 
T3 = 6.59 X ir^s 
But with those time constants you would need 
components with nonstandard values. However, if you 
select standard capacitors and resistors as follows: 
Ci = 0.33 mF, Ri = 12 k 12, 

C2 = 0.068 mF, R2 = 10 k 12, 

you get the following time constants: 
Ti = 3.96 X lOr^s 
T2 = 3.98 X ir^s 
T3 = 6.8 X ir^s 
which are close enough for a first try. 

Verifying the results 

To verify the results, the open-loop transfer func- 
tion, G (joj) H (jco), and noise response, e/Cn, were 
calculated with the program provided in the previous 
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article and plotted in Figs. 4 and 5. The curves confirm 
that the design is stable with a maximum phase 
margin of 45° at a frequency where the open-loop gain 
is about unity. And the VCO noise-reduction curve 
shows a moderate 3.2-dB overshoot with noise fre- 
quencies below about 70 Hz in the attenuation region. 
Still, adjustments may be desired. For instance, if 
you want more reference-frequency (fr) attenuation, 
the G (jw) H (jco) curve can be shifted to the left. Move 
fo one decade (to about 10 Hz) and you'll increase the fr 
attenuation by 40 dB. Or, if noise frequencies above 
70 Hz are bothersome, you can shift the G (jw) H (jw) 
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5. Tiie noise-response calculation corresponding to Fig. 
4 shows that VCO noise is attenuated below about 70 Hz. 



curve to the right by increasing fo. 

If you still aren't satisfied, you can change the phase 
margin. Reduce the margin and you improve both fr 
and VCO-noise attenuation— but then you lose some 
stability.BB 
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Suppress phase-lock-loop sidebands 
without introducing instability 



Phase-lock loops: Part Three 

The first two parts of this series showed how to 
analyze and then optimize type-2, third-order PLL 
systems and provided simple calculator programs for 
an HP-25 to do the otherwise tedious computations.^^^ 
This article takes you a step further and shows how 
to suppress sidebands, especially undesired when the 
PLL is u^ed in frequency-synthesis systems. 



Frequency synthesis, a major application of the 
phase-lock loop (PLL), always involves PLL-per- 
formance compromise: keeping loop bandwidth as 
wide as possible to reduce acquisition time and 
voltage-controlled oscillator noise, and at the same 
time suppressing reference-frequency sidebands that 
can pass through wide bandwidths (Fig. 1). 

Fortunately, the reference frequency is con- 
siderably above the required loop bandwidth in most 
cases, which alleviates the sideband problem to some 
extent. But for heavy suppressioTi of undesired side- 
bands, extra filtering is necessary. However, it must 
be done carefully so as not to introduce loop instabili- 
ty. Three filtering circuits, none of which reduce 
bandwidth or VCO-noise attenuation can help solve 
the problem. In fact, an active LP-filtering technique, 
the most versatile and efficient of the three, is 
programmed on an HP-25 to speed the design. 

All methods assume that the PLL, a type-2 third- 
order loop,^ meets all requirements^ except adequate 
reference-frequency sideband suppression. The three 
approaches include RC, active-notch and active-LP 
filtering. The PPL's phase margin serves as a measure 
of loop stability, since the damping-factor concept isn't 
applicable to third-order loops:^ phase margins be- 
tween 30° and 45° are minimum criteria for stable 
operation. And the filter's action in reducing the 
feedforward gain, G(jaj), at the sideband frequencies 
is the criterion for the suppression effectiveness. 

Since H(ja)) is equal to 1/N, a constant, then the 
open-loop gain, G(ja;)H(jco) in Eq. 1, can be used as 
a measure of this sideband-suppression effectiveness: 

AndrzeJ B. Przedpelski, Vice President of Development, 
A.R.F. Products Inc., 2559 75th St., Boulder, CO 80301. 
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Note Similar to cxampta In Phnt-locit Loops: 



1. A phase-iock-loop frequency synthesizer (a) generates 
16.95 MHz from a crystal-oscillator reference frequency 
of 5 kHz. To help suppress sidebands, a sideband-sup- 
pression filter is added in tandem with the output of the 
loop's original integrator/filter circuit (b). 



Table 1. Filter suppression/phase margin tradeoffs 
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Kp= gain constant of the phase detector, 
Kv= VCO sensitivity, 



Reprinted with permission from Electronic Design, September 13, 1979 (Vol. 27, No. 19). Copyright ®1979, Hayden Publishing Co., Inc. 
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Table 2. Third-order PLL with two-pole low-pass filter 



llllllig^^^^^^^^^^^^^^^^^^^^^ 


Key Entry 


Remarks 


Regiitofs 


jIIIII 


tiiii 


00 
01 
02 
03 
04 
05 


2400 
1502 
2407 
1502 
41 


RCLO 
(g)x2 
RCL7 
(g)x^ 




Ro Wo 
R'l Ti 


06 
07 
08 
09 
10 


2304 
2403 
61 
2406 
2400 


ST04 
RCL3 

X 

RCL6 
RCLO 




R2 T2 
R3 T3 


11 
12 
13 
14 
15 


61 
51 

2407 
61 

2404 


X 

RCL7 

X 

RCL4 




R4 

KvKp 
R5 N 


16 
17 
18 
19 
20 


^406 
2403 

61 
2400 

61 


RCL6 
RCL3 

X 

RCLO 

X 




RS 2d 


21 
22 
23 
24 
25 


2407 

1502 

61 

41 

32 


RCL7 
(g)x^ 

X 

CHS 




Ry CO 




26 
27 
28 
29 
30 


1509 

21 

2407 

2402 

61 


(g)-P 

RCL7 
RCL2 

X 






31 
32 
33 
34 
35 


32 
01 
32 
1509 
22 


CHS 

1 

CHS 

(g)-P 

Ri 






36 
37 
38 
39 
40 


51 
74 
22 
71 
2405 


+ 

R/S 
Rl 

RCL5 


tL Phase margin 




41 
42 
43 
44 
45 


61 
2401 

71 
2407 
1502 


X 

RCLl 

RCL7 
(g)x^ 






46 
47 
48 
49 


71 
2400 
1502 

61 


RCLO 

(g)x2 

X 


iGsHsl 





Step 


'■i:^':;;!''::::i^:/lnstnidt^^ 


Input 
Data/ 
Units 


Keys 


Output 
Data/ 
Units 


1 
2 

3 
4 

5 


Enter program 
Store 

Enter 
Calculate 

Repeat steps 3 and 4 
for other values of 
frequency, m 


Tl 
T2 
T3 
Kv 
Kp 
N 
d 








i^Phase 
margin 
|G(s)H(s)| 








STO 







STO 


1 




STO 


2 




STO 


3 




ENTER 






X 






-^ 


STO 


5 


ENTER 


2 


X 


STO 


6 










STO 


7 










(f) 


PRGM 


R/S 


R/S 































The open-loop transfer function then becomes: 

Gaco)Haa,) = -Me r zJfjilkil — i , (2) 

NTi(o» [ ja,(T8+T4)+l+a)='T3T4j 

where T4 is the additional RC time constant. 

Solving Eq. 1 at frequencies of 5 and 10 kHz shows 
that the first sideband (at 5 kHz) is reduced a 
respectable 20 dB and the second sideband (at 10 kHz) 
eveii more to 26 dB. But the phase margin also is 
reduced to a marginal 32° (Table 1). 

However, an active RC notch filter' (Fig. 2) gives 
much more attenuation at the first sideband (5 kHz) 
and is more flexible in some applications. Its gain is 
1 



N = counter divide ratio, 
Tl, T2, T3= integrator/filter time constants. 

Simple but limited 

The simplest approach adds in series with the 
Integrator/Filter an RC low-pass section (Fig. 2a), 
whose cutoff frequency is larger than the upper end 
of the loop's bandwidth. For illustration, let the value 
of RC be 3 X 10-* s for the frequency-synthesizer 
example outlined in Fig. 1. (A larger value would 
reduce sidebands more, but would also decrease the 
phase margin too much.) With a value of 3 X 10-* s, 
the phase margin remains within a "safe" 30°-to-45°. 



Atio)) 



where 



[ Q(a)^-C0o^)J 



(3) 



+1 



0)^= the notch frequency (27rf j,), 

Q= the circuit Q. 
The open-loop transfer function, the product of Eqs. 
1 and 3, is 

KvK„ ^. 



Gaco)Haa)) 



NTic 



-jcoTa-l 



(4) 



-JWI2-1 _ 

j^/T3- -^^^—\ +<^^TJ -^!^^—\ +11 
(^ Q(co^-a,o^) j [ Q(co^-a,o^)/ J 

Although the notch frequency w^ must be fixed at 
the reference frequency, the value of Q can vary. 
Theoretically, the reference frequency receives in- 
finite attenuation. Actually, only about 40 dB can be 
realized, even under ideal conditions. Evaluation of 
Eq. 4 for Q's of 10, 1 and 0.1 shows that high Q values 
produce negligible phase-margin deterioration, but 
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2. Many filter configurations can be used to suppress 
sidebands. The simplest is a low-pass RC circuit (a). 
Somewhat more flexible is an active RC notch filter (b). 



SECOND-ORDER ACTIVE LOW-PASS FILTER 
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© 



But of all filters, a second-order active low-pass filter (c) 
is most versatile, since two of its parameters are indepen- 
dently adjustable. 



attenuation of the second harmonic of the reference 
frequency is small or zero (Table 1). At a Q of 0.1, 
however, the second harmonic is reduced 16.5 dB, but 
then the phase margin suffers. 

Most versatile, however, is a second-order, active, 
low-pass filter with variable damping (Fig. 2c). Its 
gain (with "s" functions of its more familiar form 
replaced by jco) is:^ 



A(jco) =- 



(5) 



-a>H2dja;aJn+c*)n^ 

where 0)^= the filter's natural pole frequency, 

d= the filter's damping factor. 
This time, multiplying Eqs. 1 and 5, the over-all 
open-loop transfer function becomes 



G(jco)H(ja;) 



NTico^^ 



-jojTa-l 



ja;[2d(0n + T3(cOn' -(o)] + [wn' "OJ^ -2dT3a;nCO=^] 



(6) 



If (o„ is chosen to be 6283 (2 tt X 1000) at damping 
factors of 0.707 (Butterworth response) and 0.1 (16- 
dB peak Chebyshev), Eq. 6 gives the same sideband 
attenuation for both damping factors, but the high- 
ripple Chebyshev deteriorates the phase margin least 
(Table 1 and Fig. 3). 

Since both the pole frequency and the damping 
factor can be varied in Eq. 5, the circuit it represents 
is most versatile. Therefore, Eq. 6 is programmed for 
easy solution on an HP-25 (Table 2) in 49 steps. 
However, for easier stability evaluation, the program 
solves directly for the phase margin— the difference 
between 180° and the open-loop transfer-function 
angle— rather than the phase angle itself. 

Clearly, the simple RC circuit is least efficient. It 
gives the least sideband attenuation and the largest 
phase-margin deterioration. The notch filter, although 
theoretically capable of very high attenuation of the 
first sidebands only with very small phase-margin 
deterioration, generally requires component toler- 




500 
FREQUENCY (Hz) 



3. A plot of open-loop gain and phase response of the 

system in Fig. 1 compares sideband suppression at 5 and 
10 kHz without an extra filter with that of a simple RC 
and an active, second-order filter. 

ances too critical for other than some special applica- 
tions. The more complex, active, second-order low- 
pass filter, however, can be tailored to most applica- 
tions—illustrating an often observed design 
phenomenon: the more complex the circuit the better 
the performance. Of course, then, more complex filter 
circuits than those used in the examples may offer 
even better solutions to sideband reduction. ■■ 
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Calculate the noise spectral density and short-term frequency stability in a 
PLL with a programmable calculator, and vary the parameters to trade off 
the noise/functional performance requirements. 

Programmable calculator 
computes PLL noise, stability 

This article is the fourth by the author on phase- 
locked loops, starting toith "Analyze, Don't Estimate, 
Phase-Lock-Loop Performance" (May 10, 1978, p. 
120); then ''Optimize Phase-Lock-Loops to Meet Your 
Needs" (Sept 13, 1978, p. m); followed by ''Suppress 
Phase-Lock-Loop Sidebands urithout Introducing In- 
stability" (Sept. 13, 1979, p. U2), 

The circuit constants of a phase-lock loop can be 
optimized not only for performance requirements 
(acquisition time, sideband levels, step response, and 
stability, among others), but also for noise output 
and the resulting short-term (or "instantaneous") 
frequency stability. Because most other frequency- 
generation methods lack this versatile performance, 
and noise and stability control, phase-lock loops 
(PLLs) are preferable for frequency synthesis. 
Moreover, a programmable HP-19C (or 21C) calcu- 
lator with the proper program makes the design 
tradeoffs between noise effects and functional per- 
formance requirements relatively easy to determine. 

A properly designed frequency synthesizer derived 
from a PLL (Fig. 1, top) will offer a high degree of 
flexibility and long-term frequency stability. In a 
PLL, the frequency of the stable reference oscillator 
(say, a quartz-crystal circuit) can be multiplied by 
a precisely controlled factor over a very wide range. 
Although the PLL may seem more complicated than 
the conventional so-called frequency-multiplier 
circuit (Fig. 1, bottom), in practice, the PLL is more 
efficient, more compact, and considerably wider in 
bandwidth. All the advantages increase as the multi- 
plication factor increases. 

In most PLL frequency synthesizers, the primary 
concern is the functional performance— a problem 
that has been treated extensively.* Even the theo- 
retical aspects of phase noise in low-noise signal 
sources have been extensively covered.^*'*'' However, 



Frequency 

multiplier 

XN 



PLL and conventional frequency multiplier 



1 . Although the PLL frequency multiplier (top) looks more 
complex than the conventional multiplier (bottom), it is in fact 
more compact and more flexible, and can handle a much 
wider frequency range. 




Frequency modulation 
' caused by phasQ noise 




Average frequency, v 



Andrzej B. Przedpelsici, Vice President of Development 

A.R.F. Products, Inc. 

2559 75 St., Boulder, CO 80301 



2. Short-term frequency stability can be far worse (bottom) 
than the long-term average of a PLL system (top). 



Reprinted with permission from Electronic Design, March 31, 1981 (Vol. 29, No. 7). Copyright ®1981, Hayden Publishing Co., Inc. 
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PLL noise and stability 



specific methods for calculating the noise and short- 
term frequency stability and details of the tradeoffs 
are generally not available, except for some recent 
work by the National Bureau of Standards on low- 
noise signal sources-^'^-' 

Short-term (or "instantaneously" sampled) fre- 
quency stability, in the millisecond range, is particu- 
larly important for accuracy in position-finding 
applications, as in LORAN navigation and various 
radar and sonar Doppler systems. Even though 
frequency drift over a short time generally is less 
than the average long-term frequency drift, instan- 
taneously measured samples show much wider vari- 
ations in the frequency swings caused by phase noise 
in the signal source (Fig. 2). 

The overall phase-noise, or spectral-density out- 
put, S^(^)o» of a PLL® is found by 



supplied phase-noise data, designated £(a)), and also 
measured in dBc, are for single-sideband noise. (The 
dBc designation is defined as 10 logio of the ratio 
between the output from a spectrum analyzer with 
a 1-Hz bandwidth and the signal's carrier level.) 
Accordingly, 

i:(u) = 10 logio(^/2)S,(.) (per rad^'), 
assuming that 

£(-a;) = £(a>). 
Therefore, to convert £(w) data to "straight" S^(„) 
data, add 3 dB to the £(w) data and take the antilog. 
An HP-19C program (see "Noise in a 5th-order 
PLL") calculates this single-sideband noise, where 
G((o)H(aj) is the open-loop gain of the PLL.^ The feed- 
back path, H(a)), is simply 1/N; and G(to) equals 

(KpKy/coT,) (jwT, + 1) 



_ I 1 I ^ jTcoW ^ TvT3-T3-Tv)+ -i-1 +a)(a,^TvT3 - 1) 

S,Mo - S,(.)vco| i+G(a,)H(.)| ^ ^ ^' ^'^'^ 



G((o) 



l+G(co)H(co) 



where S^(^)vco is the open-loop spectral density of 
phase fluctuations in the PLL's voltage-controlled 
oscillator (VCO) and S^(^)ref is the equivalent spec- 
tral density of fluctuations in the reference os- 
cillator. These phase fluctuations are measured in 
radVHz, but generally plotted in dBc, which is 
10 logio S^(^). More commonly, however, vendor- 



Crystal-reference 
oscillator 




To=^1/2 7rfo T2 = R2(C. + C2) 

T, ^-R,C, T3=RjC2 

Ao - op-amp dc gain; fo = frequency at -3-clB gain 
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3. For a fifth-order PLL, four of the time constants are 
determined by the integrator/filter circuit, and the fifth is 
determined by the VCO. 



Optimized for functional performance, the following 
circuit constants are used for a typical PLL (Fig. 3): 



Ao 


= 320,000 


To 


= 7.96 X 10-* s 


Tv 


= 1.59 X 10-^ s 


T. 


= 2.408 X 10-*^ s 
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= 2.491 X 10-« s 


Ta 


= 4.700 X 10-' s 


Kp 


= 314 X 10« V/rad 


Kv 


= 0.16 rad/V 



N =20. 

The single-sideband phase noise, when calculated 
by the program for a range of so-called Fourier 
frequencies (offsets from a carrier, f = a;/27r), can 
be plotted as in Fig. 4 (dotted line). Although this 
output phase noise can be reduced by varying circuit 
constants to increase the loop's bandwidth, proceed 
with caution, because other desirable operating char- 
acteristics (such as circuit stability or speed of 
response) could be compromised. The program, how- 
ever, offers an easy way to determine how systematic 
changes in the parameters affect noise. 

Oscillator noise should be low 

In addition to the calculated PLL noise, Fig. 4 
shows a plot of the SSB-noise characteristics of the 
circuit's VCO and crystal-reference oscillator. The 
oscillators are the main source of phase noise in a 
PLL. The information for plotting their noise can 
be obtained from the manufacturers of the os- 
cillators, or from measurements made by the user. 

Where noise reduction is of prime importance, 
select oscillators that generate minimum noise and 
have noise spectral densities that complement each 
other (as in Fig. 5). The point at which the two curves 
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Noise in 5th order PLL 
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cross is called the crossover frequency (fc). This 
frequency is an important parameter for optimizing 
a PLL's noise characteristics. 

In Fig. 5, the VCO noise-distribution plot is divided 
into three characteristic regions. High-quality os- 
cillators generally exhibit this spectral-density rela- 
tionship. In region I, S^(f) is typically proportional 
to 1/r, so-called flicker-frequency noise; in region 
II, S^(f) is proportional to l/f, so-called white-fre- 
quency noise; and in region III, S^^^) is constant, so- 
called white-phase noise. Beyond region III, the 
bandwidth limitation of the circuit attenuates the 
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4. A PLL is optimized for performance characteristics, such 
as stability, response time, and sideband leveis; but the noise 
characteristics generaily f ali where they may, as exemplified 
in this plot of a fifth-order PLL. 
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5. The "optimum" PLL output-noise characteristic is the one 
that coincides most closely with the PLL's intersecting 
reference crystal oscillator and VCO-oscillator noise 
characteristics (heavy lines). A high damping-factor value 
(such as d = 1 0) makes the best correspondence with this 
criterion. 



noise to negligible levels. 

Region I noise stems from fluctuations in 
oscillator-circuit frequency-control components; re- 
gion II, from' thermal noise in the oscillator's gain 
element; and region III, from additive thermal noise 
from other elements of the circuit (including the gain 
element). 

A plot of the optimum phase-noise characteristic 
of a PLL would coincide with the lower parts of the 
two oscillator curves (heavy lines in Fig. 5). 

The type-2, second-order PLL circuit in Fig. 6 helps 
to illustrate how closely this condition can be ap- 
proached. This circuit can be generalized by relating 
the integrator's time constants (Ti and Ta) and the 
VCO's and phase comparator's transfer coefficients 
(Kv and Kp) with a damping factor (d), and with the 
reference and VCO crossover frequency (fc = 
Wc/27r), as follows: 



d = (T/2) VKpKv/T,; d>>l 
T2 = 4dVajc 
T, = T.KpKv/coe. 

When these circuit parameters are considered 
together with the circuit's open-loop gain (note: 
H(a,) = 1), 



G(w)H(co) 



^^(-jcT.-l), 



and substituted in the phase-noise equation for 
S^u,)o> the PLL's spectral density becomes 

S^(a,)0 = S^(<.)VCO 1 + 

L \ "Idv") "^ ( ~)j 



(2d) (co) "^(J) 
( Idv") ^(7) 



] 



The "Optimizing PLL Phase Noise" program, with 
its subroutine 0, solves this equation for any Fourier 
frequency (f = a)/27r). In Fig. 5, solutions are shown 
for damping-factor values (d) of 0.5, 1.0, and 10. 

The largest damping. factor (d = 10) causes the 
noise curve to approach the "optimum" noise charac- 
teristic most closely— when it lies completely be- 
tween the VCO/reference-oscillator lines and as 
closely as possible to the lower lines. To satisfy this 
criterion, the curve generally passes through the 
frequency crossover point previously mentioned. 
Larger damping values than 10 will provide little 
further improvement. In fact, a larger damping value 
would slow response more than it would lower the 
noise output. Special cases may require low damping 
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factors— a value of 1 or even 0.5— to get a faster 
response or the special noise-distribution shapes that 
these lower damping factors produce. 

After the phase-noise characteristics (based on the 
fc of the oscillators and a selected damping factor) 
have been calculated, a second part of the optimizing 
program (subroutine 1) can then be used to calculate 
the time constants Ti and T2 for the given Kp and 
Kv of a type-2 second-order PLL. 

Determining a PLL's short-term frequency stabil- 
ity requires integration of the spectral density of the 
phase fluctuations to obtain the so-called Allan 
variance (a dimensionless measure of stability, 
where o-y^ is Af/f in a short sample period). Thus 



MT,fh) = 



{rvirY 



rS,(f) sin^ (7rfT)df, 



where r is the sampling time (in seconds), v is the 
long-term average frequency (in Hz), and fh is the 
bandwidth, or maximum excursion of the offset from 
the carrier (the maximum Fourier frequency). 

Figure 7 (top) shows the relationship between 
frequency or phase and the frequency spectral-noise 
densities, along with the resultant short-term fre- 
quency stabilities, for several distinct types of phase 
or frequency noise. A typical complex signal source 
(such as a PLL) could have a combined short-term 
frequency "Stability as in Fig. 7 (bottom). But such 
noise types generally do not obey simple integer- 
power curves and, therefore, pose a problem: The 
Allan equation does not have a closed-form solution 
for fractional powers, so it cannot be used directly. 
Nevertheless, very accurate answers can be obtained 
with Simpson's Rule and a programmable calculator. 

Although the Allan equation requires integration 
over the Fourier frequency range of to fh, the low- 
frequency limit of Hz cannot be used in a log-log 
Simpson's Rule integration. Fortunately, frequen- 
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6. The phase-output noise in this type-2 second-order PLL 
can be optimized by adjusting the damping factor (d) in 
relation to the oscillator-noise crossover frequency (f c). 
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7. The distribution of the different types of frequency and 
phase noise can be expressed as line segments that 
represent powers of frequency or tlme(top), and the overall 
distribution of a system can be shown by combining 
appropriate segments (bottom). 

cies below (27rTh)"S where tu is the longest sampling 
time, do not contribute appreciably to the value of 
the Allan variance. The longest sampling time for 
short-term effects is generally 1 s; therefore, for a 
measuring-system bandwidth of 1000 Hz, just the 
Fourier frequencies between about 0.16 and an fh of 
1000 Hz need be considered. (Since the manufacturer 
did not supply data below 2 Hz for the reference 
oscillator and VCO used in Fig. 5; a new oscillator 
with data to 0.1 Hz was substituted in Fig. 8, top.) 
As shown in Fig. 7 (bottom) and Fig. 8 (top), the 
phase-noise curves can be approximated with 
straight-line segments. The segments are plotted on 
semilog paper with S^(f) measured in dBc on the 
vertical axis. Therefore, the segments, 

y = ax^, 
can be established from the end points on their phase- 
noise curves— where S^(f,) and S^(f^) correspond to the 
low-frequency (f^) and the high-frequency (U) end 
points, as follows: 



b = 



and 



10 (log f, - log f^) 
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With coefficients a and b established for each line 
sepjment, the contributions of each segment to the 
overall Allan variance Oy^ can be calculated with the 
approximate Allan equation, 



oAr,i) = 



2a 



{tvttY 






f'sin^(7rfr)df, 



by a modified Simpson's Rule program supplied by 
Hewlett-Packard (HP-19C/29C Applications' Book, 
1977). The Simpson's Rule is incorporated into the 
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8. The phase-noise characteristics of the reference oscillator 
and the VCO can be expressed with three straight-line 
segments (I, II, and Mi); and the PLL output, by two(top). 
The short-term stability in terms of the Allan variance can 
then be calculated by keying the required coefficients as 
determined from the coordinates of these line-segment ends 
into the calculator (see Table) and plotting the results 
(bottom). 
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complete program for an HP-19C calculator— "Allan 
Variance Calculations." With a, b, p, and r estab- 
lished, the only decision remaining is the number 
of intervals, n, into which the segments must be 
divided. The more intervals chosen, the more ac- 
curate the calculation, but the longer the calculation 
takes. A good choice for a minimum n value (which 
must be an even number) is 

n > 10 [t(U - U)l 
The calculation time, then, is 0.056 n + 0.15 min. 

To illustrate an application of the Allan variance 
calculations, the (a and b) program coefficients for 
the straight-line segments making up the VCO, 
reference oscillator, and overall output noise were 
determined from Fig. 8 (top). The coefficients are 
listed in the "Calculated Short-term Stability" table. 
Sample times of 1, 10, 100, and 1000 ms and end 
frequencies of 0.1, 10, and 1000 Hz were employed. 

With these inputs, dy^ was determined with the 
Allan variance program. The frequency stability. 



(7y(r) = N/20-y2(T,fh), 

was calculated, after summing the individual ay^ 
contributions of each segment. A plot of o-y vs 
sampling time for the VCO, reference, and output 
is shown in Fig. 8 (bottom). D 
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The MC14469 is an addressable asynchronous receiver transmitter that finds ap- 
plications in control of remote devices, transfer of data to and from remote locations 
on a shared wire and as an interface from remote sensors to a central processor. 



OPERATION OF THE MC14469 

The MCI 4469 is an asynchronous receiver/transmitter 
fabricated in metal-gate CMOS technology. The asyn- 
chronous data format consists of a serial stream of data bits, 
preceded by a start bit and followed by one or more stop bits. 
The asynchronous data format is used to eliminate the need 
to transmit the system clock along with the data bit stream. 
The fact that the MCI 4469 is made in CMOS technology 
means that it offers the high noise immunity and low power 
consumption characteristic of this technology. 

The MCI 4469 can receive one or two eleven-bit words in a 
serial data stream. The first received word contains a seven- 
bit address and if it matches the programmed address of the 
receiver, the transmitter can be enabled to transmit its two 
data words. The 7 bits of the received address word must cor- 
relate bit by bit with the 7 address pins of the MCI 4469. A 
second word may optionally be received for data or control 
use. This word will contain seven data bits which will be 
latched onto the command data outputs if it has a valid com- 
mand format. With 7 address lines, 2^ or 128 separate units 
may be interconnected for simplex or full duplex data 
transmission. The MC 14469 is capable of operation at data 
rates in excess of 30,000 baud controlled by an on chip 
oscillator. Applications include transmitting data from 
remote A/D converters, temperature sensors, or remote 
digital transducers as well as single line control of remote 
devices such as motors, lights or security devices. 

DEVICE OPERATION 

As shown in the block diagram of Figure 1, the MCI 4469 
consists of three different sections: the receiver, the transmit- 
ter, and the oscillator. The receiver must receive (at least) a 
valid address on its receive data input (pin 19) in order to set 
up the necessary internal conditions to allow the transmitter 
to transmit its two data words. The address word consists of 



a start bit, seven address bits, the address identifier, an even 
parity bit and a stop bit. The address will be valid only if: a) 
the seven address bits match the address that is programmed 
on input pins AO through A6, b) if the address identifier is 
high, and c) if the state of the parity bit causes the total 
number of ones in the address word, including the address 
identifier and parity bit, to be even. After reception of a valid 
address, the MCI 4469 can optionally receive a command 
word. Similar to the address word, the command consists of 
a start bit, seven data bits, a command identifier, an even 
parity bit and a stop bit. The command will be valid if the 
command identifier is low and the total number of ones, in- 
cluding the parity bit, is even. The reception of either a valid 
address or both valid address and a valid command can be 
used to set up the necessary internal conditions for transmis- 
sion. The format of address and command words is shown in 
Figure 2. 

Upon receipt of a vaUd address data stream, the MC 14469 
generates a valid address pulse (VAP) which in turn sets the 
internal valid address latch (VAL) and the internal send 
enable latch (SEL). See Figure 3 for a timing diagram. SEL 
remains high for eight data bit times or until the send input 
(pin 30) is taken high. If SEL is allowed to time out and a 
valid command word is subsequently received, a command 
strobe (CS) is generated which sets SEL high again. It again 
remains high for eight data bit times after being set. 
However, once the valid address latch (VAL) is set high, it 
will remain high until SEND goes high and resets it. 

In order for the MC 14469 to transmit its two data words, 
SEND must receive a rising edge while the valid address latch 
and send enable latch are both set high. Therefore, a send in- 
put must occur within eight bit times after the generation of 
either a valid address pulse or a command strobe, depending 
on the system configuration. After eight bit times, SEL will 
time out and transmission will be inhibited. 
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Figure lA. MC14469 Block Diagram 



Receive 
Data - 
(R1) 

Receive 

Data 

Strobe 



(A0-A6) 
Address 



(C0-C6) 
Command Data 



^ Ji 



Address Control 
and Data Comparator 



Command 
Latches 



S 



RVAL 



. Timing and Control 
and Parity Check 



^Command 

Strobe (CS) 
^Receive Data 

Strobe Enable 
^Send Enable 

Latch (SEL) 
^ Valid Address 

Pulse (VAPI 



0SC1- 
0SC2-* 



Clock 
Oscillator 



ID0-ID7 
Input Data 



\7 



(S0-S7) 
Status 



Status 
Latches 



Send- 

Send 

Enable' 
Data 
Rate ■ 
Clock 



Static Shift Register 



S 



:s 



Load 
Select 



Control and Parity 
Generator 



Clock 
Generator 



►•Data Rate Clock 
^ Receive Data Strobe 



m 



Output 
Logic 



Tran smit 
Data TRO 



^Status 
Strobe 



Receive Data Strobe Enable 



Figure IB. Pin Assignments 



OsclE 1 • 
Osc2C| 2 

3 
4 
5 
6 
7 
8 
9 
10 

n 



RESET[ 
AOC 
Al[ 
A2C 
A3C 
A4[ 
A5[ 
A6[ 
IDO[ 



ID1[ 12 
ID2[ 13 
ID3[ 14 
1D4[ 15 
ID5[ 16 
ID6[ 17 
ID7[ 18 
Rl[ 19 
VSS[ 20 



40 ]VdD 
39 3C0 

]C1 

JC2 
36 ]C3 
35]C4 
34 ]C5 
33 ]C6 
32 ]CS 
31 ]VAP 

3Send 

ISO 



28 ]S1 
27 ]S2 
26 ]S3 
25 ]S4 
24 ]S5 
23 ]S6 
22 3S7 
21 ]TR0 



SEND going high resets VAL and SEL, and initiates the 
transmission of the data defined by input pins 11-18 and the 
status word defined by input pins 22-29. The transmitted 
words each contain a start bit, eight data bits, an even parity 
bit and a stop bit, all in UART compatible format. The 
transmitted data has the format shown in Figure 3. Note that 
the transmitted data must be inverted before being presented 
to the receiving device. This is usually accomplished by the 
line driver or transistor used to drive the common transmit 
wire. 

OSCILLATOR OPERATION 

The oscillator can be controlled by a ceramic resonator, a 
crystal or by an externally generated clock, and will typically 
operate at frequencies up to 2 MHz at a Vdd of 12 V. The 
oscillator frequency is divided by 64 to derive the receive data 
strobe and the data rate clock. Thus, the data bit period is 64 
times the oscillator period. To allow for maximum phase jit- 
ter, the receive data strobe is centered at the middle of each 
data bit. The receipt of a start bit initiates the receive data 
strobe and synchronizes the strobe to the receive data bit 
stream. 

Since data is sent asynchronously, the transmit oscillator 
and receive oscillator must be the same frequency to ensure 
that the receive data strobe occurs at the middle of the bit 
period. The maximum permissible variation in oscillator fre- 
quency between a transmitting unit and a receiving unit can 
be such that over the entire receive data word time the total 
error is plus or minus one-half data bit period. 
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Figure 2A. Data Format 
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Figure 2B. Example Data Words 
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Figure 3. Typical Receive/Send Cycle 
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Each received data word consists of 11 bits, and thus the 
variation in oscillators cannot be more than half a bit time 
divided by 11 bit times or 4.5%. 

The internal oscillator active circuitry consists of a normal 
CMOS inverter. When a high value resistor is used to provide 
DC feedback, the inverter is biased into its linear region and 
acts as an AC simplifier. The size of the feedback resistor is 
unimportant but needs to be small enough to overcome 
leakages and large enough to not load the oscillator output. 
Values in the range of 1 M12 to 22 Mfl are common. 

With the inverter biased as an AC amplifier the usual 
oscillator design is the Pierce type oscillator using a parallel 
resonant crystal. See Figure 4. Two capacitors, one from in- 
put to ground and one from output to ground, present the re- 
quired capacitive load to the crystal. The series connection of 
the capacitors through ground avoids feedback of signal 
through the parallel capacitive path. An inductor or ceramic 
resonator can be substituted for the crystal to form a Colpitts 



oscillator ususally at less cost than a crystal but at the expense 
of frequency stability. 



MODES OF OPERATION 

The various modes of operation of the MCI 4469 are 
discussed below. For most applications, the send input is tied 
to either VAP or CS for fully automatic operations. If this is 
not done, the send input must receive a rising edge within 
eight bit times after VAP or CS in order for a transmission to 
occur. 

It is possible to operate the MC 14469 in a receive only 
mode by tying SEND to VgS- The device can receive valid 
address words only or both address and command words. 
Three different modes of operation of the MCI 4469 are 
possible depending on the signal used to drive the SEND in- 
put. These are RECEIVE ONLY MODE, SEND EQUALS 
VAP and SEND EQUALS CS. 
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Figure 4. Oscillator Circuit 
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RECEIVE ONLY MODE 

If the MC14469 is in the receive only mode (i.e., if SEND 
is tied to Vss) and if it is receiving valid address words only, 
it will respond with a valid address pulse after every other 
valid address. The intervening addresses will cause no out- 
put. The reason for this can be seen by examining the flow 
chart (Figure 5). 

Assume the MCI 4469 has been reset, the receiver is in- 
itialized and is ready to be addressed. If the MSB of the first 
word received is a one (signifying an address), the device 
checks to see if the vaUd address and send enable latches are 
set. If neither is set, and if the word is a valid address, VAL 
and SEL are set and a valid address pulse is generated. If 
SEND is not taken high within eight bit times, SEL is reset 
and the device is re-initialized and ready to receive a com- 
mand. If the next word received is an address rather than a 
command, the MC14469 will find that VAL is still set. It will 
then reset VAL, initiaHze the receiver, and wait for another 
address to be sent. As a result, the second consecutive ad- 
dress to be received will not result in the generation of a 
VAP. This problem does not arise when the device is enabled 
to transmit every time it is addressed, since VAL is reset dur- 
ing the transmission cycle. Notice that once VAL has been set 
by the reception of a valid address, the only way it can be 
reset without rejecting an address is by going through the 
transmission cycle. 

A similar situation arises when the MC 14469 is in the 
receive only mode and valid addresses and valid commands 
are alternately received. On the reception of the first valid 
address, VAL and SEL are set and a VAP is generated. After 
eight bit times, SEL is reset and the receiver is re-initialized. 
If the next received word is a command, the MSB will be 
zero, and when the device checks the valid address latch, it 
will find that it is set. If the command word has a valid for- 
mat, it will be latched onto the command data outputs 
(Co-C6). A command strobe will be generated and the send 
enable latch will be set. Once again SEL will be reset after 
eight bit times and the receiver will be re-initialized. Thus, 
the reception of the first valid address and command words 



will result in the generation of a valid address pulse and a 
command strobe respectively, as expected. However, since 
data has not been transmitted, the next incoming address 
word will be rejected because the valid address latch has not 
been reset. The MC14469 will then reset VAL and re- 
initialize the receiver. The following word is a command 
word and because the valid address latch is not set, the com- 
mand is also rejected and the receiver is re-intialized. 

The next address and command words received will result 
in the generation of a VAP and CS. Thus, in the receive only 
mode, every other address and command words will be re- 
jected. 



SEND EQUALS VAP 

If only addresses are being received and if VAP is tied to 
SEND, a VAP is generated and data is transmitted when a 
valid address is received. Normally the transmit cycle is com- 
pleted before a new address word is received. It is possible, 
however, for the reception of a new address to overlap the 
transmission of data. If this occurs, the current transmission 
is completed before the transmitter is allowed to start 
another transmission (see Figure 5). 

If address and command words are alternately received 
while SEND is tied to VAP, a VAP is generated every time an 
address is received. The transmission of data begins as soon 
as a VAP is generated. This results in VAL and SEL being 
reset before completion of the received command word and 
causes the command word to be ignored. 

SEND EQUALS CS 

If SEND is tied to CS and if address and command words 
are alternately received, a VAP and CS are generated every 
time an address and command are received. Data is transmit- 
ted every time a CS is generated. Once again, data transmis- 
sion can overlap the reception of a new address and com- 
mand word. However, the current transmission will be al- 
lowed to finish transmitting (see Figure 5). 
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Figure 5. Flow Chart of MC14469 Operation 
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THE MC14469 AS A MASTER TRANSMITTER 

The MCI 4469 can transmit only after it has received a 
valid address. For this reason it is usually considered to be a 
remote or slave device controlled by a UART, MPU or 
similar control system. However, it is possible to use the 
MCI 4469 as a master transmitter by giving it a start pulse on 
its receive input that has the format of a valid address. The 
idea is to set the address of the MCI 4469 that is to be used as 
a master transmitter in such a way that a valid address will 
consist of a single pulse which goes low for a certain number 
of bit times and then goes back high and remains high. This 
will allow the use of a one-shot or RC network to generate a 
start pulse which will look like a valid address to the 
MC14469. On receiving the start pulse, the MC14469 will 



generate a valid address pulse which can be tied to the SEND 
input in order to initiate a transmission. 

As shown in Figure 2B, if the address of the MC14469 has 
an even number of ones, the parity bit will be high. The ad- 
dress identifier and stop bit are also high. Therefore, if the 
address begins with any odd number of zeros and ends with 
an even number of ones, the address word (start pulse) will 
need to go low for the start bit, stay low for an odd number 
of address bits, go high for the rest of the address bits, the 
address identifier, parity and stop bits. For example, if the 
address of the MC14469 is set to hex 00, a valid address will 
consist of a signal which goes low for eight bit times and then 
goes back high (see Figures 6 and 7). The other addresses for 
which the scheme will work are hex 60, hex 78 and hex 7E. 
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Many applications today benefit greatly from electrical iso- 
lation of assemblies, require remote control, or need to sense 
a position or presence. Infrared light is an excellent solution 
for these situations due to low cost, ease of use, ready avail- 
ability of components, and freedom from licensing require- 
ments or interference concerns that may be required by RF 
techniques. Construction of these systems is not difficult, but 
many designers are not familiar with the principles involved. 
The purpose of this application note is to present a "primer" 
on those techniques and thus speed their implementation. 

THE GENERAL PROBLEM 

Figure 1 represents a generalized IR system. The transmitting 
portion presents by far the simplest hurdle. All that needs to 
be accomplished is to drive the light source such that sufficient 
power is launched at the intended frequency to produce ad- 
equate reception. This is quite easy to do, and specific circuits 
will be presented later. 



LIGHT SOURCE 
Usually Infrared 



RECEIVER 
Amplification 
and Filtering 



PROCESSING 
Data Separation 



Figure 1. Simplified IR Sensing/Data Transmission 
System 

The bulk of the challenge lies in the receiving area, with 
several factors to consider. The ambient light environment is 
a primary concern. Competing with the feeble IR transmitted 
signal are light sources of relatively high power, such as local 
incandescent sources, fluorescent lighting, and sunlight. 



These contribute to the problem in two ways. First, they pro- 
duce an ambient level of stimulation to the detector that ap- 
pears as a dc bias which can cause decreased sensitivity and, 
worst of all, saturation in some types of detectors. Second, 
they provide a noise level often 60 dB greater than the desired 
signal, especially in the form of the 50 or 60 Hz power fre- 
quency. Also, recall that the sensitivity of silicon photo de- 
tectors extends well into the visible range. This sensitivity, 
albeit reduced, causes severe interference since the sources 
in this region are often of significant power, e.g., incandescent 
lighting and sunlight. In addition to the visible component, 
both produce large amounts of infrared energy, especially 
sunlight. 

Some IR applications are not exposed to this competition, 
and for them dc excitation of the source may be adequate. 
These include some position sensing areas and slow data links 
over short distances. 

But the bulk of IR needs require a distance greater than 30 
cm, speeds greater than 300 baud, and exposure to interfering 
elements. For these needs high-frequency excitation of the 
source is necessary. This ac drive permits much easier am- 
plification of the detected signal, filtering of lower frequency 
components, and is not difficult to produce at the driving end. 
Optical filtering for removal of the visible spectrum is usually 
required in addition to the electrical, but this too is quite simple. 

A WORD ABOUT DETECTORS 

Figure 2 shows the three basic detection schemes: a pho- 
totransistor, a Darlington phototransistor, and a photodiode. 
All three produce hole-electron pairs in response to photons 
striking a junction. This is seen as a current when they are 
swept across the junction by the bias voltage, but they differ 
greatly in other respects. 





(a) PHOTOTRANSISTOR 
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(b) DARLINGTON PHOTOTRANSISTOR 
Figure 2. The Basic Detectors for IR Photosensing 
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The most sensitive is the Darlington. The penalties are tem- 
perature drift, very-low tolerance to saturation, and speeds, 
limited to about 5 kHz (usually much less). Next is the single 
transistor, having similar penalties (but to a lesser degree), 
with speeds limited to less than 10 kHz. Typically, they are 
limited to less than half that number. These two detectors 
normally find their use in enclosed environments, where ample 
source intensity is available to provide large voltage outputs 
without much additional circuitry (their prime advantage). 
Their detection area is almost never exposed to ambient light. . 

In virtually all remote-control applications (implying dis- 
tance), the diode is the detector of choice. This is due primarily 
to its near-freedom from saturation, even in most sunlit en- 
vironments. The penalty is sensitivity, often in the nanoamp 
or low microamp region, but balanced by response speed in 
the nanosecond range. This permits transmission frequencies 
in the 50-100 kHz area, providing ample data rates, inexpensive 
amplification, and easy filtering of noise. 

For more information on the internal characteristics of these 
devices, see the appropriate section of the Motorola Optoe- 
lectronics data book (#DL118/D). 

SHORT DISTANCES 

Many applications in position sensing lend themselves well 
to the sensitive, if slow, nature of phototransistors. When a 
go, no-go situation exists, these provide a simple solution 
provided that ambient light is not present at the detector. The 
designer must ensure that the system operates even if this 
portion of the equipment is exposed, as by opening a hatch 
during servicing or final adjustment during production. This is 
often achieved via covers, tubes limiting light paths, or that 
enough directionality exists in the basic device construction 
to provide the needed isolation. Also available for this appli- 
cation are logic-level output devices, usually of the open-col- 
lector type, making processor or logic interfacing convenient. 

The light source for these uses is chosen primarily by the 
distance needed. LEDs work well up to about 5 cm. Above 
this, incandescents are often used due to their high output 
and ease of drive with low-voltage ac. Fluorescent sources are 
seldom adequate due to their "cool" color temperature com- 
pared to incandescent. That is, not enough output in the near- 
infrared or infrared portion of the spectrum. 

Data can be transmitted in these short distance situations, 
provided the speeds required are not great. An example is the 
electrical isolation of two adjacent PC boards in a rack, with 
IR elements facing each other across the short space. Here 
the data can be used to drive the LED directly; modulating a 
high frequency is not necessary. 

Speed and sensitivity are the tradeoff. The resistor used to 
develop a voltage can be made larger to provide increased 
sensitivity, but speed suffers and tendency toward saturation 
Increases. Values of 50-200 12 are common, but can be higher. 



to achieve 10 meters with a data rate of around 5,000 baud 
at very modest cost. 

The transmission end is easily configured. Figure 3 shows 
a simple IR source capable of 50 kHz transmission. Note that 
no special techniques are needed to switch the diode at these 
frequencies. A burst of high frequency is created for each bit 
time in the data being sent. This mode of gating a carrier on 
and off Is known as CW (continuous wave). 




50 kHz SQUARE WAVE 
Figure 3. Basic IR Source Drive for CW Operation 

The main areas of interest are the switch device and the 
diode current. Today's IREDs (infrared emitting diodes) are 
generally capable of around one ampere peak currents, but 
applications typically limit this to half that value. Most designs 
that use a 50 percent duty cycle square wave switching wav- 
eform have diode currents in the 100-500 mA range. It is 
important to realize that although I RED output increases lin- 
early with drive current, it drops rapidly with increasing tem- 
perature. Therefore, reliability is not the only reason for 
resisting the temptation to increase range by driving the I RED 
harder. A diode with a 100 mA continuous rating can be reliably 
driven with a 200 mA square wave, and so on. It is quite 
common to use more than one IRED in series for increasing 
output and range, lowering the current requirements, and in- 
creasing reliability of the diodes. 

The driver device can be a bipolar transistor or a FET. The 
bipolar works fine, but requires enough base current for sat- 
uration that the driving circuitry often must provide 10-20 mA 
or more. This may not be available directly from CMOS de- 
vices. Darlingtons solve this problem, but are usually much 
too slow. Another solution is an inexpensive logic-level FET 
such as the MTP3055EL, its physically smaller cousin, the 
MTD3055EL, or a MTP4N06L. This provides plenty of speed 
while being driven directly from any CMOS device, with ab- 
solute minimum parts count. A resistor (50-500 0) is sometimes 
used in series with the gate to moderate the very-high switch- 
ing speed and noise from high frequency oscillations. The 
resistor is usually not needed if the gate is driven from a 
medium-speed CMOS gate such as the MC14081B or 
MC14011UB. 

THE RECEIVING PROCESS 



MODERATE DISTANCES 

For the general case of remote control or sensing at distances 
greater than 30 cm, the vast majority of applications utilize an 
LED source switched at a carrier frequency of 20 kHz to 50 
kHz and a diode detector coupled to ac band-limited amplifiers. 
Although certainly more complex than the simpler short-dis- 
tance sensors, today's product offerings make it an easy task 



At the receiving end, the first item encountered is an IR 
optical filter as shown In Figure 4. This serves the sole purpose 
of attenuating the visible portion of the spectrum while leaving 
the IR intact. It can be a material specifically designed for the 
purpose, such as the Kodak filter series, but is usually an 
inexpensive acrylic plastic. This is almost any readily-available 
red, non-opaque plastic. Suitability is easily proven by inserting 
a sample between an emitter and detector while observing the 
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detector output. The IR signal should be minimally altered. 
This filter may be incorporated into the system as a unique 
piece of the material in front of the detector, or the entire front 
panel of the product may be made of this plastic. Sometimes 
lenses are actually molded from it (discussed in a later section). 




DATA 
EXTRACTION 



IR FILTER 



AMPLIFIER & 
HP OR BP FILTERING 



Figure 4. Basic IR Receiver 



TO 
PROCESSING 



The detector diode behind the filter is usually constructed 
as a large-geometry device specifically designed for IR remote 
control, and presents a large area simply for more IR energy 
absorption or increased aperture. It is not unusual to find the 
material used for encapsulation to be red or black, and ap- 
parently opaque. The encapsulation serves as an IR filter, as 
in the case of the MRD821 . Even so, an additional one is usually 
employed as mentioned above, often for the cosmetics of the 
product. 

In addition to visible-light filtering mentioned above, elec- 
trical filtering must be applied to greatly attenuate the low- 
frequency interference present in both the visible spectrum 
and the IR. This is accomplished by three methods. First, 
coupling capacitance values are judiciously chosen to begin 
rolloff just below the transmitted frequency. This is quite ef- 
fective since the area of interest is usually about a factor of 
10^, or some 9 to 10 octaves above the power-line frequencies. 



The second method is to use explicit high-pass filter circuitry, 
but in practice this is seldom needed due to the effectiveness 
of the other techniques. A third option is to use a bandpass 
amplifier, usually with an LC tank. More discussion of this 
later. 

After the signal is brought up to a level sufficient for de- 
tection, some method must be employed to extract the data. 
Most common is a simple peak detector. This detects the 
presence of the high-frequency pulses, charging a capacitor 
up to a threshold in a few cycles, at which point a comparator 
signals the new level. In the absence of a signal (the carrier), 
the capacitor discharges until the comparator's lower threshold 
is reached, signifying the opposite logic level. Other techniques 
are also available, such as the phase-locked loop, whose lock- 
detect output can be used as the recovered logic-level data. 

MORE ON RECEIVING CIRCUITS 

Two general methods are used to begin the amplification. 
First the diode light current (a few microamps or less) may be 
used to develop a voltage across a series resistance, which is 
then capacitively coupled to the amplifier using the rolloff of 
low frequencies mentioned above, as shown in Figure 5a. 
Second, the current may be driven directly into the amplifier, 
as in Figure 5b, where the photo current is summed with the 
feedback current at the amplifier input. Note that in these and 
other figures, the amplifier symbol does not necessarily denote 
an actual integrated operational amplifier, but may symbolize 
a discrete amplifier. 

Figure 6 shows an amplifier system coupled to a bandpass 
amplifier centered about 50 kHz. Here the front end is actually 
an operational amplifier, used in the mode of Figure 5b. Various 
choices for operational amplifiers exist; perhaps the first hinges 





(a) CAPACITiVELY-COUPLED FRONT END (b) DIRECT-COUPLED DIODE FRONT END 

Figure 5. Front-End Amplifier Options 




*Toko type 10 PA or equivalent. Available from Digi-Key Corporation, phone (800) 344-4539. 
Figure 6. Amplifier Chain Showing 50 kHz Bandpass Filter Second Stage 
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on the supply voltage. Some recent advances In the technology 
have greatly increased slew rates and gain-bandwidth prod- 
ucts. This has permitted devices that are capable of operation 
on a single 5 volt supply, yet can be used in the 50 kHz range. 
An example of this is the MC34072 series, whose input com- 
mon mode range includes ground, permitting the diode or the 
other amplifier input to be referenced there. If greater gains 
are needed, and higher supply rails are available, the MC34082 
series provides slew rates of 25 V//iS, or twice that of the 
MC34083. These operational amplifiers in general do not have 
the low-noise performance of discrete versions, with the above 
devices being in the 30 nV/ VRz region. However, the MC33077 
provides excellent noise performance of about 4.5 nV/ VRz at 
a similar slew rate on a 5 volt supply, although its common . 
mode range does not include ground. A simple discrete am- 
plifier example is shown in Figure 7. 

Another option that should be considered for data reception 
is the MC3373 (Figure 8), which integrates many of the func- 
tions already described. This device contains the front-end 
amplifier, a negative-peak detector with comparator, and re- 
quires only a few external components. The amplifier may 



have the diode directly connected to it, or ac coupled for 
purposes of rolloff. A tuned circuit can be used for the better 
noise performance of a band-limited system. Some words of 
caution: supply bypassing close to the device, particularly at 
the gain-determining impedance (resistance or tuned circuit), 
is critical. Without proper bypassing, gain and range suffer. 
Also, a higher supply voltage of around 12 volts or so assists 
in greater range performance. 

The vast majority of IR links in consumer products (VCRs, 
TVs) use an LC tank. The inductor is a shielded, adjustable 
slug type in the 1-5 mH range. Shielding in the form of a metal 
can usually encloses the entire subassembly, and the designer 
should expect to employ such shielding in most applications 
requiring moderate or long distance operation. 

Note that in Figures 7, 8, and 9 the bias supply to the 
receiving diode is heavily decoupled from the supply via an 
RC. Any noise present at this point directly impacts system 
noise and sensitivity. Bandwidth is also often limited at the 
upper end as an aid in overall noise performance as seen in 
Figures 7 and 9. These amplifiers use small capacitors (33 pF, 
10 pF, 100 pF) to roll off frequencies above 100 kHz. 



+ 5V 



►Ik > 4.7 k 



ImF. 



300 k: 



MPS3904, 
MPS2222A 




100 _L 




100 k 



ivMh 



33 pF 



Figure 7. Simple Discrete Front End with Op Amp 



M2V 



4.7 /iF 




5 V LOGIC OUT 



Figure 8. IR Receiver Using the Integrated MC3373 
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LONG DISTANCES 

When the distance to be covered extends beyond 10 meters 
or so, other methods must be considered. The methods de- 
scribed below have resulted in ranges of 100 meters or more. 

At the transmitting end, most of the options available center 
on increasing the power output. One way is to increase the 
IRED current, but this is subject to limits as previously dis- 
cussed. Another solution is to use multiple diodes in series, 
often three. Note that this does not require additional supply 
current. Multiple diodes also provide one solution to those 
applications requiring less directionality, with the IREDs being 
slightly misaligned from one another. 

The diodes can also be driven much harder, and produce 
proportionally higher instantaneous power, if they are pulsed 
with a very-short duty cycle. Currents of about an ampere are 
common, but for only a few microseconds and with a duty 
cycle of 5 percent or less. This also requires modified receiving 
techniques. 

At the receiving end, most solutions center on increasing 
the aperture of the system such that simply more energy is 
gathered. Multiple receiver diodes can be connected in parallel, 
adding their currents, with the additional possibility of reducing 
directionality if needed. Another technique is to add a lens, 
with the diode being placed at the focal point. In higher volume 



production, this is often molded into a front panel and is usually 
of the red filtering plastic mentioned earlier. Some systems 
make use of a flat Fresnel lens, being somewhat more difficult 
to mount but very effective. They can also be hidden behind 
a plastic panel. 

Front-end amplifiers superior to the simple operational am- 
plifier or discrete versions already mentioned may be found in 
these highest-performance situations. Such an amplifier is 
shown in Figure 9, where low-noise transistors are used in a 
circuit designed specifically for low-noise applications. 

When pulsed sources are used, some encoding scheme is 
normally used to transmit the data. One common technique 
is to use a single pulse for one edge of a data bit, and two or 
more closely spaced pulses to siignal the opposite edge. These 
are simply differentiated by some flip-flops and a small amount 
of timing circuitry. Other schemes use multiple pulses at close 
intervals to indicate one logic level, and a differing number to 
denote the other. 

CONCLUSrON 

As can be seen from this discussion, IR links have become 
quite easy to implement. With the basic principles in mind, 
the designer should be able to adapt the techniques mentioned 
here to his specific system needs. 



MRD821 A 



7t;4.7/tF <20k >100k >10k 




+ 12V 



Figure 9. High-Performance Discrete Front-End 
Amplifier with Special Attention Paid to Noise 
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Figure 10. Utilizing Motorola's Encoders and Decoders 
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Evaluation Systems for Remote 
Control Devices on an infrared Link 



Prepared by: Dave Hyder 

Field Applications Engineer 



The introduction of many remote control devices and their 
modest costs now permits the designer a wide choice of inex- 
pensive options in the low-end control area. When this choice 
is coupled with the ease and economics of infrared communi- 
cation links, applications for the combination of the two 
abound. This paper provides information for constructing the 
basic building blocks for evaluation of both the IR transmitter/ 
receiver and the most popular remote control devices. 
Schematics and single-sided PC board layouts are pres- 
ented that should enable the designer to quickly put together 
a basic control link and evaluate its suitability for his applica- 
tion in terms of data rate, effective distance, error rate, and 
cost. Sources for speciality parts required are also given. 

Motorola offers a wide variety of devices suitable for re- 
mote control applications, and these are grouped in three 
distinct families. The oldest of the three is the MC1 45026/7/8 
series, comprising one encoder sending nine bits of informa- 
tion and two decoders, one considering all transmitted data 
as an address, the other utilizing less addressing possibilities 
and using the difference as four bits of data. This series also 
uses trinary addressing, permitting greatly increased num- 
bers of address codes for a given pin count. 

The next series is comprised of one part, the MC1 45030, 
which is an encoder and decoder on the same part. Thus, it 
is suitable for applications requiring bidirectional or half-du- 
plex control. It is capable of nine bits of address, no data. 

Derived from the internal architecture of the MC1 45030 is 
the MC1 45033/4/5 series, which comprise a wide variety of 
choices of address/data combinations, outputs, and a single- 
chip encoder/decoder. This series can encode up to 17 
address bits, or 13 address/4 data. Other features, such as 
an ability to defeat attempts to break the code, are also in- 
cluded. At present, these devices are available in surface 
mount packages only. 

This paper presents simple board layouts and schematics 
for encoder/decoder pairs "connected" by IR transmitter/re- 
ceiver links. For each of the three families of devices, there 
are two PC layouts and schematics, one encoder/transmitter 
and one decoder/receiver. These are made sufficiently gen- 
eral that each can be modified and jumpered so as to enable 
evaluation of any member of that family. 

Note that only one IR transmitter and one IR receiver de- 
sign is used for all of the encoder/decoder options, and so 
there is only one schematic of each of these two, and it would 
be mated with the encoder or decoder schematic of choice 
to form a complete system. The PC layouts all have these 
sections Included, of course. 



DESIGN SPECIFICS 

The IR transmitter schematic shows two IR LEDs. While 
most designs will use but one, the other is allowed for on the 
PC layout for evaluation of other options, such as lower total 
current, greater range, misalignment for less directionality, 
etc. The generation of the transmitted frequency (in this case 
50 kHz) is not done with minimal components, but allows for 
flexibility In frequency, and selection of other crystals via 
some cuts and additional resistors. A production design 
would likely utilize a common oscillator for the transmitter and 
encoder sections or even include the ability to startup on re- 
quest to minimize power. Open pads are provided to enable 
jumpering of different frequencies with a combination of divid- 
er taps and crystals/resonators. 

The IR receiver section uses an MC3373P as an amplifier/ 
data detector. This is a high-gain device working with some 
very low signal levels. Thus, shielding will likely be required, 
and ground area is provided for its attachment. The compo- 
nent values are "middle-of-the-road" and will work well as 
presented; the designer will want to evaluate for himself 
whether to permit higher gains, different low frequency rol- 
loffs, or other sensitivities. The choice of the LC tank values 
is of particular interest. The values shown are adequate for 
many applications, but higher Q's may be needed. This com- 
es at the cost of slower rise and fall times on the data 
envelope, visible at pin three of the MC3373P, and is the pri- 
mary factor governing the maximum data bit rate of the 
design. Lower Q's will yield "squarer" data envelopes (higher 
possible bit rates), broader tuning, and less selectivity. Tun- 
ing is accomplished by placing a transmitting source several 
feet away, and adjusting the inductor for maximum data en- 
velope at pin three. The output of the MC3373P is squared 
and inverted by a Schmitt-trigger MC74HC14 device. In 
many designs, a slower and quieter version of this device 
may be preferred, such as the MCI 4093 NAND Schmitt. This 
device will generate less system noise, critical to good opera- 
tion of the receiver, and also would operate on higher supply 
voltages, such as 12 V, where the MC3373 receiver also 
works well. 

The output of the receiver section is presented to a red 
LED to indicate that data is being received (activity on the 
MC3373 output). This, of course, does not indicate valid 
data, but only that something Is being detected. It may be an 
indication of noise or power-line pickup and require design 
changes or shielding. Valid data is indicated via a green LED 
driven by the output of the decoder device and annunciates 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN1126 
4-275 



that it has received its correct address (set by the DIP 
switches). 

The transmitting section is attached to one of the three 
encoder designs, and three PC layouts are presented; the 
same is true of the receiver and the three possible decoders. 
The receiver schematic in Figure 1 is joined with the decod- 
ers of Figures 3, 5, and 7 and the transmitter schematic of 
Figure 2 with those encoders in Figures 4, 6, and 8. Each 
encoder or decoder layout can be used with more than one 
version in the same family, and appropriate pads and jump- 
ers are provided on the layout. Other situations certainly are 
possible, such as changing minor portions of the layout to 
make the data bits on some systems available to a connec- 
tor, or remote transmit enables, etc., and these layouts may 
serve as a starting point. 

One caution on the choice of R and values for the encod- 
ers and decoders: the tolerance and dielectric type are 
important, especially for production-volume designs intended 
to operate over temperature. Refer carefully to the data 

SPECIFIC COMPONENT SOURCES 

Trinary DIP switch, 8 position 

Trinary DIP switch, 9 position 

Other DIP switches 

PB switch, transmitter enable 

Inductor, variable, shielded, 4.7 mH, type 7PA 

Ceramic resonator, 400 kHz 

Transmitting IR LED 

Receiving IR diode 

Shielding Material, 0.005" Tin sheet, solders easily 



NOTE: Motorola cannot recommend one supplier over another and i 
plete listing of component suppliers. 



sheets of the appropriate device for a discussion of these pa- 
rameters and permitted tolerances. 

CONCLUSION 

The designs as presented here are intended for a 5 V sup- 
ply and a transmitter carrier frequency of 50 kHz. Other 
frequencies should be investigated for ease of generation, 
minimum components, increased data rates, and different 
Qs. With a single transmitting LED driven with about 250 mA, 
the author achieved effective distances of about 1 meters. 
This distance could be extended by a few meters if two LEDs 
were utilized. There are applications that do not require this 
level of sensitivity, and the receiver should be modified ac- 
cordingly On the other hand, greater distances or those 
requiring less directionality may require adding more LEDs, 
driving them harder, utilizing multiple receiving diodes, and/or 
adding Fresnel lensing in front of them. For more information 
on IR techniques, see Application Note AN1016, and the 
CMOS Application-Specific Standard IC Data Book, DL130 
rev. 1. 



AMP #436172-3 
AMP #436172-2 
AMP series 7100 or similar 
Digi-Key # P9950 
Toko#126LNS-T1028Z 
Digi-Key # TK3209 
Panasonic # EFO-A400K04B 
Digi-Key # P9940 
Motorola MLED81 
Motorola MRD821 
K & S "Easy Solder Tin Sheet" 
Most hobby shops 
T no way suggests that this is a com- 
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SHIELD 
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INCOMING 
"-^. DATA 



/^ 6/6HC14 \/^ 



VALID 
DATA 



DATA VALID FROM 
DECODER DEVICE 



EXTRACTED DATA 
TO DECODER DEVICE 



Figure 1. IR Receiver section common to all receiver boards. Values shown are for a 50 kHz carrier frequency 

and a 5 V supply. Note that the use of two receiving diodes is optional and provided for on the 

board layout. The shield is required in all but the shortest range applications. 
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MC74HC4024 ^ 



_ 47 k RESISTOR MAY BE 
INSERTED HERE TO LIMIT 

DRIVE TO SOME 
CRYSTALS. CUT TRACE. 



CERAMIC RESONATOR, PANASONIC EFP-A400K04B OR 
EQUIVALENT. OTHER FREQUENCIES MAY BE USED, SUCH 
AS 640 kHz FOR AN 80 kHz CARRIER, AND CRYSTALS SUCH 

AS 32.768 kHz TIMEKEEPING DEVICES. IN THE LAHER 
CASE, USE THE DRIVE LIMITING RESISTOR. 



T 



C3 



T 



10 ^iF 



2XMLED81 -^ 
(1 OPTIONAL) 



10 or 4.7 
(1or2LEDs) 
R4 

D1 



1/8 ^ J A R3 ^^ M 

f VW-f Q1 

10 pF "i- 



JLD2 

T\\ 

MPSW13 

OR 
MPSA13 



Figure 2. IR transmitter section common to all transmitter boards. Note that the use of two IR LEDs is 

optional but is provided for on the board layout. Choose R4 for an LED current appropriate to the 

application. Common values are from 100 to more than 500 mA, with 250 mA being common. 
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Figure 3. Two decoders, identical except that the MC1 45027 uses only 5 bits of address, considering 
the last 4 bits as data. To use this device, leave the last four Dip switch positions open as these pins 

(12, 13, 14, 15) become outputs. 
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Figure 4. The MCI 45026 Encoder. Note that when used with the IVICI 45028 decoder in the receiver, all 9 

switches are considered addresses, and that with the IVICI 45027 the last four are interpreted as data. In 

the latter case, a trinary (open) position is decoded as a logical one. 
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Figure 5. The MC1 45030 as a decoder. Note that the 9 DIP switches take advantage of the on-chip 

pullup resistors on the device. Also the decoder out (Pin 15) toggles with each successful data 

reception, unlike the MC1 45027/8 devices. 
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Figure 6. The MCI 45030 as an encoder. Note that transmit enable occurs on the 
rising edge of the waveform. 
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REPEAT 
FOR 8 "^Xrt. 

SWITCHES ^ 



NOTE: THESE UST FOUR LINES MAY BE 
CONSIDERED DATA, NOT ADDRESSES IN 
SOME APPLICATIONS. 



Figure 7. The MC1 45033/5 as a decoder. Note that there are two DIP switches, one 9 position, one 8. In 

the event of using the upper addresses as data, leave these pins open (center position). Also the CE 

pin may be either 18 or 17 depending on the device, and pin 18 is strapped to ground on the 

MC145033. "Mode," pin 19, Is grounded on the MC145035. 
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Figure 8. The MCI 45033/4 as an encoder. Note that transmit enable occurs on the ris- 
ing edge of the waveform. Pin 20 is grounded on the MCI 45033. 
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Figure 9. Three Component Layouts for IR Transmitters 



MOTOROLA COMMUNICATIONS DEVICE DATA 



AN1126 
4-281 



APPROX. SHIELD LOCATION 
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Figure 10. Three Component Layouts for IR Receivers 
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a. MC1 45026 




b. MC1 45030 




c. MC145033/MC1 45034 



Figure 11. Three PC Layouts for IR Transmitters 
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a. MC145027/MC1 45028 




b. MC1 45030 




MC1 45033/5 
c. MC145033/MC1 45035 



Figure 12. Three PC Layouts for IR Receiver 
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A Software Method for Decoding the Output 
from the MC14497/MC3373 Combination 



Prepared by: Steve Reinhardt 



The electronics industry has used infrared media as a simple, 
easy, and effective method of wireless communications over 
short distances. It is not without its problems since simple on/ 
off modulation is affected by the many infrared sources in our 
environment today. To provide immunity from the noise 
created by lamps, lighters, electronics, and even humans, the 
IR carrier is modulated at a rate that would not occur in nature. 
The industry has settled on around 40 kHz as the modulation 
frequency. "• 

The data that is transmitted usually takes the form of AM (or 
CW - continuous wave); that is the carrier is turned on and off 
for variable periods of time. Some have used a FM scheme, 
where the modulation frequency is changed to represent 1 or 
0. The output of detectors is generally the same: that is a logic 
represents a presence of carrier in AM, or one of the frequen- 
cies in FM. A logic 1 then represents no carrier in AM, or the 
second frequency in FM. 

The encoding of the data varies widely, from schemes that en- 
code the data as variable pulse widths, constant length coding 
schemes, or simple ASCII, to the biphase scheme used in the 
MC1 4497. Any of these schemes can be decoded by the use 
of a microcomputer that has a timer, such as the MC68HC05 
family or the MC68HC11 family of parts. 

THE MC1 4497 

The MC14497 is a complete building block for IR data trans- 
mission, lacking only a high current driver to power the IR LED 
(or LEDs, depending on the range required) such as the 
MLED81 . The chip limits the duty cycle of the LED to about 
1 0%. The use of an inexpensive ceramic resonator generates 
the 31.25 kHz carrier. A simple SPST matrix keyboard com- 
pletes the transmitter. 

THE MC3373 



The MC3373 is a companion chip to the MC1 4497. It provides 
all of the front-end signal processing to interface an IR photo 
detector, such as the MRD821 , to a TTL level. It Includes the 
gain stages, with automatic background level control (AGO), 
a simple frequency discriminator to eliminate interference 
from other sources, and a wave shaper that generates a TTL 
or CMOS output level. The MC3373 does not decode the data. 
It merely reconstructs it in logic level form (the way it was trans- 



mitted) to facilitate decoding. It too requires few outside 
components, such as a tuned circuit and a few capacitors for 
wave shaping. Care must be taken in circuit layout, as this de- 
vice operates at very high gain to accommodate the low level 
input signal from the photodetector. Since there are frequency 
sensitive components in the circuit, it is best to minimize lead 
lengths, work on a ground plane, and perhaps even put a 
shield around the components that make up the receiver. "• 

THE ENCODED BIT STREAM 

To understand how to decode the data from the MC14497, it 
is important to understand what is transmitted. Each word 
transmitted consists of an AGC burst, a start bit, and 6 data 
bits. The 6 data bits represent 64 individual channels (0-63). 
However, channel 63 (111111) is never sent. 

The carrier frequency is determined by dividing the oscillator 
frequency by 16. For a 500 kHz resonator, the carrier is 31 .25 
kHz. The baud rate (signalling rate) is equal to the carrier di- 
vided by 32, or the oscillator divided by 512. Again, for a 500 
kHz resonator, the baud rate is approximately 976 bps. Each 
command word takes approximately 8 ms to send. 

Refer to Figure 1 . Data is the representation of the channel 
code (001010, channel 10). Carrier represents the output of 
the MCI 4497. Recovered is the signal that is output from the 
MC3373. Notice that the data is inverted, or normally high. 
When a key is pressed, the chip sends a signal to setup the 
AGC In the receiver. In the AM mode, which is most common, 
each transmitted word is preceded by a 51 2 |xs burst (oscilla- 
tor divided by 256). One bit time later, the start bit Is sent. The 
bi-phase modulation scheme then uses the position of a carri- 
er within the bit time to represent the data value. Refer to 
Figure 2. The presence of carrier immediately after the bit time 
boundary represents a 1 . The lack of the carrier represents a 
0, The phase then changes so that there is a constant modula- 
tion, with clock edges on each bit time boundary. This feature 
is important in some communications schemes, but is not im- 
portant here. 

If a key is held down, the code is repeated at 90 ms intervals. 
See Figure 3. This results in a duty cycle of about 1 0% so that 
the IR LED can be pulsed at high peak power. At this duty 
cycle, the MLED81 can tolerate peak currents well in excess 
of 100 mA. Once a key is released, the MCI 4497 auto- 
matically sends the code for channel 62 (111110), which 
indicates end of transmission (EOT). 



1See also AN1016, "Infrared Sensing and Data Transmission Fundamentals". 
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THE DECODING METHOD 

Refer to Figure 4. The letters refer to time slices shown on 
Fig. 4. The pseudocode to decode the data looks like this: 
Main: 

Set up an interrupt to look for the start bit transition. 
Interrupt: 

Capture the timer value and save it.(a) 
Look for the next transition(b), capture the timer value 
and subtract the saved value. This is the bit time 
value. Save it. 
Add one quarter bit time value to the timer, and set an 

interrupt for when it times out.(c) 
At that interrupt(c-i), look for the value, and set the 

carry bit accordingly. 
Add the bit time to the timer, and set the interrupt. 
Shift the carry into the data storage location. 
Have we got the six bits plus start? If not, repeat, other- 
wise we're done with this word. 
Is the word EOT (channel 62)? if not, the key is probably 
repeating. If It is, the message is complete 

THE MC68HC11 PROGRAM 

This chip is easy to use because of the 16-bit add (ADDD) 
and subtract (SUBD) features which can used to service the 
timer. The MC68HC05 devices lack this, but do provide an add 
with carry (ADC) to Implement 16-bit adds. 

Port A pin 3 (PA3) is used as the input from the MC3373. 
This is an input capture pin (IC1 ). The output compare feature 
is required to generate the bit clock, though an output pin is not 
necessary. 

THE MC68HC05 PROGRAM 

The code for the MC68HC05 is a little different. First, since 
the state of the input capture pin cannot be read, the data must 
be routed to another pin. Therefore, PA7 is used to sample the 
data. The internal output compare interrupt is utilized to set the 
baud clock. 

MC68HC11 PROGRAM LISTING 

start 
Ids 

#$FF 
*load the stack pointer 

Idaa 

#2 

*set prescaler to /4 

staa 

TMSK2 

*by writing to TMSK2 register 

Idaa 

#1 

*enable input capture 3 functions 

staa 

TMSK1 

*TMSK1 enables the interrupt 

staa 



TFLG1 

*TFLG1 clears the flag 

Idaa 

#2 

*look at falling edges 

staa 

TCTL2 

*by writing to TCTL2 

Idaa 
#6 

staa 

count 

*number of bits to assemble 



*end of initialization 



main 
*main program 



*lnput capture interrupt service routine. The first time 
through, the 

*value of the timer is saved, the second time through, the dif- 
ference 

*is calculated, determining the bit interval, and the time slice 
is 

*shifted by one quarter bit inten/al for sampling the data. 

timeint 
brset 

flags, 0,next 
*input capture 3 interrupt routine 

Idd 

#$1014 

*save the timer value from the first edge(a) 

std 

saveit 

*to time the baud rate 

bset 

flags,0 

*bit in flags indicates first edge 

bra 

endint 

*exit interrupt cleanly 

next 
Idd 
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#$1014 

*get the timer value(b) 

subd 

saveit 

*subtract the first value(b-a) 

std 

baud 

*save that in baud 

Isrd 
*divide by 2 

Isrd 
*divide by 4 

addd 

#$1014 

*add 1/4 bit time to the timer 

std 

0UTC1 

*store to output compare 1 

Idaa 

#$FE 

*clear the mask 

anda 

TIVISK1 

*without disturbing other bits 

staa 

TMSK1 

*disable further input compare interrupts 

bclr 

flags,0 

*clear first edge flag bitendint 

endint 
Idaa 
#1 
*setup to clear flag for next edge 

staa 

TFLG2 

*and writing to TFLG2 



rti 



*wait for next edge 



*Output compare interrupt service routine. Each time an in- 
terrupt 
*occurs, sample the input line and shift the equivalent value 
*into the data register. Do so for all six data bits, then word 
*is complete. 

bitint 
Idaa 
PORTA 
*get the present value of the data 

anda 



#4 

*mask all but PA3, the input 

rora 

*shift towards carry 

rora 
*once more 

rora 

*now the input bit is in carry 

cmc 

*data from 3373 is inverted 

Idaa 
data 
*get the saved data byte 

rola 

*rotate the carry in 

staa 
data 
*save the byte 

dec 

count 

*the number of bits is complete? 

bne 

next2 

*not done yet 

bset 
flags, 1 
*we're done 

bra 

endin 

*no more in this word 

next2 
Idd 
0C1 
*get the last timer value 

addd 
baud 
*add the baud interval 

std 

0C1 

*store it for the next interrupt 

Idaa 
#1 



staa 

TMSK2 

*and clear the flag for the next interrupt 

endin 
rti 



AN1203 
4-288 



MOTOROLA COMMUNICATIONS DEVICE DATA 



MC68HC05 PROGRAM LISTING 

start 
Ida 
#$C0 
*set up timer control register 

sta 

TCR 

^interrupts enabled, negative edge 

Ida 
#$0 

* make sure port a Is an input 

sta 
PADDR 

* write to data direction 

Ida 

#6 

sta 

count 

*number of bits to assemble 



mam 

equ 

* 

*main program 



*input capture service routine. The first time through, the 
value of 

*the timer is saved. The second time through, the difference 
is 

*calculated, determining the bit interval. The time slice is 
shifted 

*by one quarter time for sampling the data. 

* 

*timeint 
brset 
flags,0,next 

Ida 
ICH 
*grab the high byte 

sta 
saveit 
*store it 

Ida 
ICL 
*then the low byte 

sta 



saveit+1 

* and save that. 

bset 

flags.O 

*got first edge flag 

bra 
endint 
next 
Ida 
ICL 
*get the new low byte 

sub 

saveit+1 

*subtract the old low byte 

sta 

byte+1 

*and save the result 

Ida 
ICH 
*get the new high byte 

sbc 

saveit 

*subtract the old, with carry 

sta 

byte 

*save the byte interval 

Isr 

*divide by two 

sta 

OCH 

*to output compare 

Ida 

byte+1 
*get low byte 

ror 

*use ror to get carry in 

sta 

OCL 

to output compare 

Ida 
OCH 

Isr 

sta 
OCH 

Ida 
OCL 
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beq 


sta 






endbit 


OCL 






*exlt if done 


*finish divide by four 






Ida 


Ida 






OCL 


#$7F 








*masl< off Input capture 






add 
byte+1 


sta 






*set up the next Interrupt 


TSR 








*by writing to timer status 






sta 
OCL 


bclr 






*write to OCL resets flag 


flags.O 








*clear first edge flag bit 






Ida 


endint 






OCH 


rtl 








*output compare service 


routine. For each Interrupt that oc- 


adc 


curs, 






byte 


*sample the Input line and shift the appropriate data bit into 


*use add with carry to do 16 bit 


the 








*data register. Do so for all six bits, then word 


is complete. 


sta 


* 






OCH 


bitint 








Ida 






rtl 


PADR 






endbit 


*get the data bit value 






Ida 
data 


Isl 






*get the word 



*get the data to carry 

Ida 

data 

*get the data byte 

rol 

*and assemble the byte 

sta 
data 
*to data 



dec 

count 

*check to see If all done 



coma 

*remember the data was inverted 

and 

#$5F 

*and there were only 6 bits 

sta 
data 

bset 

flags, 1 

*word ready flag bit 

rti 
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SIMPLIFIED REMOTE 
CONTROL CIRCUITS 



DAVID BABIN 

Application Engineering Manager 
Motorola Inc. 
Austin, TX 

Anew chip now provides a sim- 
ple way to design remotely- 
controlled on/off devices such as 
valves and relays. The IC 
(MC145030) combines serial en- 
coding and decoding functions that 
form the heart of many remote con- 
trol circuits. 

The 20-pin chip also contains an 
input amplifier, an output flip-flop, 
power-on reset, and an oscillator 
requiring only external RC compo- 
nents. No crystals or ceramic reso- 
nators are required. The IC is opti- 
mized for use in harsh industrial 
environments, operating from a 2 to 
6 V supply over a temperature 



range of -40 to 85°C. Standby cur- 
rent drain is 100 a* A maximum at 
room temperature while operating 
current is at most 2.5 mA at the 
worst-case supply voltage. 

A typical remote control applica- 
tion would use the IC in both the 
controlling and receiving stations. 
At the master end, the chip would 
encode the nine-bit parallel address 
input and send this address onto a 
serial output line via a three-state 
encoder-out pin. This output re- 
turns to a high-impedance state 
after encoding is complete. 

At the receiving end, another 
MC 145030 chip serves as a decoder. 
The serial stream is received from 
the master and the address infor- 
mation is decoded. The IC would 
then compare this decoded address 
to the address applied to its own 
address lines. If the two addresses 



match, the chip would actuate the 
decoder-out line which would nor- 
mally be connected to some output 
device such as a solenoid. 

An output device toggles the re- 
ceiver chip's encoder-enable input 
as an acknowledgment of either the 
output signal or of a completed 
operation. Once the chip senses this 
acknowledgment, the address is 
sent back to the master station over 
the serial line. 

The master station treats this 
address as an acknowledgment that 
the output operation took place. 
The chip would compare the infor- 
mation with the address applied on 
its address lines. If the two ad- 
dresses matched, decoder-out 
would toggle. 

The master chip can activate any 
of 512 decoding stations in this 
manner. Alternatively, the designer 
can partition the nine address bits 
into address and data. This allows 
each remote station to perform 
several functions as in the remote 
control application shown. 

The serial output of the encoder 
is in the form of Manchester Code, 




ThrM-sUte differential 
driver and receiver 



Remote control application 



Remote station 



Differential, 
half -duplex 



Chip block diagram 



ra 



TT" 



Address 
generator 



Amj> 



comparator 



_J Toggle 
flip-flop 




Note: As shown, control of two functions 

(two data bits) requires two MC1 45030s 
at each remote station. 



Reprinted from Machine Design, June 11, 1987. 
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also known as Bi0-L (biphase-level) 
code. The encoding technique al- 
lows both data and sync informa- 
tion to flow on one signal line in- 



stead of two. 

The encode-enable input may 
connect directly to a push-button 
switch and pull-down resistor 




I initial aaareta 1 , addraaa /, 

Decoder In [^j AO through A8 T |' j ^j AOttirougTAi iT 

1 ! 



repeated addreaa = don't care 



' Initial addreaa = urmatched, 
. repeated addreaa = match 



Decoder timing 



H 



"^L 



12-bit 
Impedance ! frame delay 




o«=»«2 hjumnjinjinjmruiririJil 

[12345678 9101ll213141S16l 
-BMfram 



r 



(Encoded low leveQ 



Encoder timing 



EncoderoutI 1 

o«:o«t2KnjTJUiimnjiRjiruinj^ 

II 23456780 10111213141516) 



(Encod#cl raQh Icvw) 



CHOOSING THE R AND C 

For design purposes, the maximum difference in oscillator frequency between 
encoding and decoding MC145030 chips should be no more than ±11%. 
Ambient temperature and supply voltage difference between the ICs affect this 
frequency difference. Tolerances of frequency-determining components R 2 and 
C are calculated by a rule of thumb: A/?2 + AC + A//c + Aftemp + A/,up ^ ± 
11%, where R2 = tolerance of i? 2, %; C = tolerance of C , %; fic = IC frequency 
variation from part to part (expected value = ±4%); ftemp = IC frequency 
variation over temperature (expected value = ±2% at 25°C ±40°); fsup — IC 
frequency variation with supply (expected value = ± 2% at 5 V ± 0.5 V). 

For example, from the above variances, Ai22 + AC + (±4%) + (±2%) + 
(±2%) ^ ±11%; therefore, A/?2 + AC ^ ±3%. Choose R2 with a ±1% 
tolerance and C with a ±2% tolerance. Polystyrene or mylar capacitors are 
recommended. R 1 may be ± 5%. 



without external debounce cir- 
cuitry. A rising edge on encode-en- 
able aborts any decoding sequence 
in progress and starts an encoding 
sequence. Decoding functions are 
inhibited during this sequence, al- 
lowing half-duplex operation. 

The chip issues an address twice 
during an encoding sequence to 
guard against system electrical 
noise problems. A status pin, when 
high, indicates that the device is 
encoding. The device is in standby 
or decoding when status is low. 

Address inputs on the IC have 
on-chip pull-up devices which are 
inactive during standby to reduce 
power consumption. These pull- 
ups facilitate direct connection of 
SPST switches or jumpers to Vaa . 

The decoder in pin is the input 
to the on-chip amplifier. Signal 
levels as low as 200 mVp.p may 
capacitively couple through a 0.1 m 
F capacitor to this pin. The source 
impedance driving the series ca- 
pacitor may be as high as 5 kQ. 
Capacitive coupling provides 
proper amplifier biasing on chip. ■ 



Example RC values 



fo« 


Rl R2 C Encode enable 


(approx.) 


switch debounce 




time (approx.) * 


452 kHz 


30kfi 5.6kfil00pF 1.3 ms 


220 kHz 


47kn lOkn 100 pF 2.8 ms 


70 kHz 


47kfi lOkflSlOpF 8.7 ms 


4.1 kHz 


330kfi 47kfi 2,200pF 148 ms 



* And max. time for an encoding sequence. 

Guidelines: 100pF<C<0.1 ^F 
10kfi<R2<500kfi 
2(R2)<R1<10(R2) 
Rl < IMfi 
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Glossary of Terms and Abbreviations 

The list contains ternns found in this and other Motorola publications concerned with Motorola Semiconductor 
products for Communications. 



A-Law — A European companding/encoding law commonly 
used in PCM systems. 

A/B Signaling — A special case of 8th-bit (LSB) signaling 
in a ji-law system that allows four logic states to be multi- 
plexed with voice on PCM channels. 

A/D (analog-to-digital) converter (ADC) — A converter that 
uniquely represents all analog input values within a specified 
total input range by a limited number of digital output codes, 
each of them exclusively representing a fractional part of the 
total analog input range. 

Aliasing Noise — A distortion component that is created 
when frequencies present In a sampled signal are greater 
than one-half the sample rate. 

Answer Back — A signal sent by receiving data-processing 
device in response to a request from a transmitting device, 
indicating that the receiver is ready to accept or has received 
data. 

Anti-aliasing Filter — A filter (normally low pass) that band 
limits an input signal before sampling to prevent aliasing 
noise. 

Asynchronous — A mode of data transmission in which the 
time occurrence of the bits within each character or block of 
characters relates to a fixed time frame, but the start of each 
character or block of characters is not related to this fixed time 
frame. 

Attenuation — A decrease in magnitude of a communication 
signal. 

Bandwidth — The information-carrying frequencies between 
the limiting frequencies of a communication line or channel. 

Baseband — The frequency band occupied by information- 
bearing signals before combining with a carrier in the 
modulation process. 

Baud — A unit of signaling speed equal to the number of dis- 
crete signal conditions or events per second. This refers to 
the physical symbols/second used within a transmission 
channel. 

Bit Rate — The speed at which data bits are transmitted over 
a communication path, usually expressed in bits per second. 
A 9600 bps terminal is a 2400 baud system with 4 bits/baud. 

Blocking — A condition in a switching system in which no 
paths or circuits are available to establish a connection to the 
called party even though it is not busy, resulting in a busy tone 
to the calling party 

BORS(C)HT — Battery, Overvoltage, Ringing, Supen/ision, 
(Codec), Hybrid, Test; the functions performed by a subscrib- 
er line card in a telephone exchange. 



Broadband — A transmission facility whose bandwidth is 
greater than that available on voice-grade facilities. (Also 
called wide band.) 

C Message — A frequency weighting that evaluates the ef- 
fects of noise based on its annoyance to the "typical" 
subscriber of standard telephone service or the effects of 
noise (background and Impulse) on voice-grade data service. 

Carrier — An analog signal of fixed amplitude and frequency 
that combines with an information-bearing signal by modula- 
tion to produce an output signal suitable for transmission. 

CCITT — Consultative Committee for International Telephone 
and Telegraph; an international standards group of European 
International Telecommunications Union. 

CCSN — Common Channel Signaling Network. 

Central Office (CO) — A main telephone office, usually within 
a few miles of a subscriber, that houses switching gear; com- 
monly capable of handling about 10,000 subscribers. 

Channel Bank — Communication equipment commonly 
used for multiplexing voice-grade channels into a digital trans- 
mission signal (typically 24 channels in the U.S. and 30 
channels in Europe). 

CIDCW — Calling Identity Delivery on Call Waiting; a sub- 
scriber feature which allows for the display of the time, date, 
number, and possible other information about the caller to the 
called party while the called party is off-hook. 

CLASS — Custom Local Area Signaling Service; a set of 
services, enhancements, provided to TELCO customers 
which may include CND, CNAM, Message Waiting, and other 
features. 

CLID — Calling Line I Dentification; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CNAM — Calling Name Delivery; a subscriber feature which 
allows for the display of the time, date, number, and name 
of the caller to the called party 

CND — Calling Number Delivery; a subscriber feature which 
allows for the display of the time, date, number, and possible 
other information about the caller to the called party. 

CODEC — COder-DECoder; the A/D and D/A function on a 
subscriber line card in a telephone exchange. 

COFIDEC — COder-Filter-DECoder; the combination of a 
codec, the associated filtering, and voltage references 
required to code and decode voice in a subscriber line card. 

Common Mode Rejection — The ability of a device having 
a balanced input to reject a voltage applied simultaneously 
to both differential-input terminals. 
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Companding — The process in which dynamic range com- 
pression of a signal is followed by expansion In accordance 
with a given transfer characteristic (companding law) which 
is usually logarithmic. 

Compander — A combination of a compressor at one point 
in a communication path for reducing the amplitude range of 
signals, followed by an expander at another point for restoring 
the original amplitude range, usually to Improve the signal-to- 
noise ratio. 

Conference Call — A call between three or more stations, 
in which each station can carry on a conversation simulta- 
neously. 

CPE — Customer Premise Equipment; this could be a POTS 
phone, answering machine, fax machine, or any number of 
other devices connected to the PSTN. 

Crosspoint — The operating contacts or other low-imped- 
ance-path connection over which conversations can be 
routed. 

Crosstalk — The undesired transfer of energy from one sig- 
nal path to another. 

CSN — Circuit Switched Network. 

CIS — Clear to send; a control signal between a modem and 
a controller used to initiate data transmission over a commu- 
nication line. 

CVSD — Continuous Variable Slope Delta (modulation); a 
simple technique to converting an analog signal (like voice) 
into a serial bit stream. 

D3 — D3 channel bank; a specific generation of AT&T 
24-channel PCM terminal that multiplexes 24 voice channels 
into a 1.544 MHz digital bit stream. The specifications 
associated with D3 channel banks are the basis for all PCM 
device specifications. 

D/A (digital-to-analog) converter (DAC) — A converter that 
represents a limited number of different digital jnput codes by 
a corresponding number of discrete analog output values. 

Data Compression — A technique that provides for the 
transmission of fewer data bits. than originally required without 
information loss. The receiving location expands the received 
data bits into the original bit sequence. 

dB (decibel) — A power or voltage m^surement unit, re- 
ferred to another power or voltage. It is generally computed 
as: 

10 x log (P1/P2) for power measurements, and 
20 x log (VIA/2) for voltage measurements. 

dBm — An indication of signal power. 1.0 mW across 600 
Q, or 0.775 volts rms, is defined as dBm. Any other voltage 
level is converted to dBm by: 

dBm = 20 X log (Vrms/0.775), or 
dBm = [20 X log (Vrms)] + 2.22. 

dBmO — Signal power measured at a point in a standard test 
tone level at the same point. 

i.e., dBmO = dBm = dBr 



where dBr is the relative transmission level, or level relative 
to the point in the system defined as the zero transmission 
level point. 

dBmOp — Relative power expressed in dBmp. (See dBmO 
and dBmp.) 

dBmp — Indicates dBm measurement made with a psopho- 
metric weighting filter. 

dBrn — Relative signal level expressed in decibels above ref- 
erence noise, where reference noise is 1 pW. Hence, dBrn 
= 1 pW = - 90 dBm. 

dBrnC — Indicates dBrn measurement made with a C-mes- 
sage weighting filter. (These units are most commonly used 
in the U.S., where psophometric weighting is rarely used.) 

dBrncO — Noise measured in dBrnc referenced to zero trans- 
mission level. 

Decoding — A process in which one of a set of reconstructed 
analog samples is generated from the digital character signal 
representing a sample. 

Delay Distortion — Distortion that occurs on communication 
lines due to the different propagation speeds of signals at dif- 
ferent frequencies, measured in microseconds of delay 
relative to the delay at 1700 Hz. (This type of distortion does 
not affect voice communication, but can seriously impair data 
transmission.) 

Delta Modulation — A simple digital coding technique that 
produces a serial bit stream corresponding to changes in ana- 
log Input levels; usually utilized in devices employing 
continuously variable-slope delta (CVSD) modulation. 

Demodulator — A functional section of a modem that con- 
verts received analog line signals to digital form. 

DN — Directory Number. 

Digital Telephone — A telephone terminal that digitizes a 
voice signal for transmission and decodes a received digital 
signal back to a voice signal. (It will usually multiplex 64 kbps 
voice and separate data inputs at multiples of 8 kbps.) 

Distortion — The failure to reproduce an original signal's 
amplitude, phase, delay, etc. characteristics accurately. 

DPSK — Differential Phase Shift Keying; a modulation tech- 
nique for transmission where the frequency remains constant 
but phase changes will occur from 90°, 180°, and 290° to 
define the digital information. 

DTMF — Dual Tone Multi-Frequency. It is the "tone dialing" 
system based on outputting two non-harmonic related fre- 
quencies simultaneously to identify the number dialed. Eight 
frequencies have been assigned to the four rows and four col- 
umns of a typical keypad. 

Duplex — A mode of operation permitting the simultaneously 
two-way independent transmission of telegraph or data sig- 
nals. 

Echo ^ A signal that has been reflected or returned as a 
result of impedance mismatches, hybrid unbalance, or time 
delay. Depending upon the location of impedance irregu- 
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larities and the propagation characteristics of a facility, echo 
may interfere with the speaker/listener or both. 

Echo Suppressor — A device used to minimize the effect 
of echo by blocking the echo return currents; typically a voice- 
operated gate that allows communication one way at a time. 

Encoder (PCM) — A device that performs repeated sam- 
pling, compression, and A/D conversion to change an analog 
signal to a serial stream of PCM samples representing the 
analog signal. 

Equalizer — An electrical network in which phase delay or 
gain varies with frequency to compensate for an undesired 
amplitude or phase characteristic in a frequency-dependent 
transmission line. 

ET — Exchange Termination (CO. Switch). 

FDM — Frequency-Division Multiplex; a process that permits 
the transmission of two or more signals over a common path 
by using a different frequency band for each signal. 

Four Wire Circuit — The portion of a telephone, or central 
office, that operates on tv^o pairs of wires. One pair is for the 
transmit path (generally from the microphone), and one pair 
is for the receive path (generally from the receiver). 

Frame — A set of consecutive digit time slots in which the 
position of each digit slot can be identified by reference to a 
frame alignment. The frame alignment signal does not neces- 
sarily occur, in whole or in part, in each frame. 

Full Duplex — A mode of operation permitting simultaneous 
transmission of information between two locations in both 
directions. 

Gain — The change in signal amplitude (increase or de- 
crease) after passing through an amplifier, or other circuit 
stage. Usually expressed in dB, an increase is a positive num- 
ber, and a decrease is a negative number. 

Gain Tracking Error — The variation of gain from a constant 
level (determined at dBm input level) when measuring the 
dependence of gain on signal level by comparing the output 
signal to the input signal over a range of input signals. 

HDLC — High-Level Data Link Control; a CCITT standard 
data communication line protocol. 

Half Duplex — A transmission system that permits com- 
munication in one direction at a time. CB ratios, with 
"push-to-talk" switches, and voice-activated speakerphones, 
are half duplex. 

Handset — A rigid assembly providing both telephone trans- 
mitter and receiver in a form convenient for holding 
simultaneously to mouth and ear. 

Hookswitcii — A switch that connects the telephone circuit 
to the subscriber loop. The name derives from old telephones 
where the switch was activated by lifting the receiver off and 
onto a hook on the side of the phone. 

Idle Channel Noise (ICN) — The total signal energy mea- 
sured at the output of a device or channel under test when 
the input of the device or channel is grounded (often a wide- 



band noise measurement using a C-message weighting filter 
to band-limit the output noise). 

Intermodulation — The modulation of the components of a 
complex wave by each other (in a nonlinear system). 

Intermodulation Distortion — An analog line impairment 
when two frequencies interact to create an erroneous fre- 
quency, in turn distorting the data signal representation. 

IRED — Infrared. Used as a wireless link for remote control 
or to transfer data. 

ISDN — Integrated Services Digital Network; a commu- 
nication network intended to carry digitized voice and data 
multiplexed onto the public network. 

Jitter — A type of analog communication line distortion 
caused by abrupt, spurious signal variation from a reference 
timing position, and capable of causing data transmission er- 
rors, particularly at high speeds. (The variation can be in 
amplitude, time, frequency, or phase.) 

Key System — A miniature PABX that accepts 4 to 1 lines 
and can direct them to as many as 30 telsets. 

|i-law — A companding law accepted as the North American 
standard for PCM based systems. 

LAN — Local Area Network; a data-only communication net- 
work between data terminals using a standard interface to the 
network. 

Line — The portion of a circuit external to an apparatus that 
consists of the conductors connecting the apparatus to the 
exchange or connecting two exchanges. 

Line Length Compensation — Also referred to as loop 
length compensation, it involves changing the gain of the 
transmit and receive paths, within a telephone, to compensate 
for different signal levels at the end of different line lengths. 
A short line (close to the CO) will attenuate signals less, and 
therefore less gain is needed. Compensation circuits gener- 
ally use the loop current as an indication of the line length. 

Longitudinal Balance — The common-mode rejection of a 
telephone circuit. 

Loop — The loop formed by the two subscriber wires (Tip 
and Ring) connected to the telephone at one end, and the cen- 
tral office (or PBX) at the other end. Generally it Is a floating 
system, not referred to ground, or ac power. 

Loopback — Directing signals back toward the source at 
some point along a communication path. 

Loop Current — The dc current that flows through the 
subscriber loop. It is typically provided by the central office 
or PBX, and ranges from 20 to 120 mA. 

LT — Line Termination (Line Card). 

MCU — Microcomputer Unit (also Microcontroller Unit). 

MRU — Microprocessor Unit. 

Mu-Law — A companding/encoding law commonly used in 
U.S. (same as ji-law). 
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MUX — Multiplex or multiplexer. 

Modem — MOdulator-DEModulator; a unit that modulates 
and demodulates digital information from a terminal or com- 
puter port to an analog carrier signal for passage over an 
analog line. 

Multiplex — To simultaneously transmit two or more mes- 
sages on a single channel. 

NT1 — Network Termination 1 (OSI Layer 1 Only). 

NT2 — Network Termination 2 (OSI Layers 2 and 3). 

Off-hook — The condition when the telephone is connected 
to the phone system, permitting loop current to flow. The cen- 
tral office detects the do current as an indication that the phone 
is busy. 

On-hook — The condition when the telephone's do path is 
open, and no do loop current flows. The central office regards 
an on-hook phone as available for ringing. 

PABX — Private Automatic Branch Exchange; a customer- 
owned, switchable telephone system providing internal 
and/or external station-to-station dialing. 

Pair — The two associated conductors that form part of a 
communication channel. 

Pass-band Filter — A filter used in communication systems 
that allows only the frequencies within a communication chan- 
nel to pass, and rejects all frequencies outside the channel. 

PBX — Private Branch Exchange; a class of service in stan- 
dard Bell System terminology that typically provides the same 
service as PABX. 

PCM — Pulse Code Modulation; a method of transmitting 
data in which signals are sampled and converted to digital 
words that are then transmitted serially, typically as 8-bit 
words. 

Phase Jitter — Abrupt, spurious variations in an analog line, 
generally caused by power and communication equipment 
along the line that shifts the signal phase relationship back 
and forth. 

PLL — Phase-Locked Loop. 

PLL Frequency Synthesizer — Phase-locked loop frequen- 
cy synthesizer. A frequency synthesizer utilizing a closed 
loop, as opposed to DDS (direct digital synthesis) which is 
not a closed loop. 

POTS — Plain Old Telephone Service. 

Propagation Delay — The time interval between specified 
reference points on the input and output voltage waveforms. 

Psophometric Weighting — A frequency weighting similar 
to C-Message weighting that is used as the standard for Euro- 
pean telephone system testing. 

PSN — Packet Switched Network. 

PSTN — Public Switched Telephone Network. 



Pulse Dialer — A device that generates pulse trains corre- 
sponding to digits or characters used in Impulse or 
loop-disconnect dialing. 

Quantizing Noise — Signal-correlated noise generally 
associated with the quantizing error introduced by A/D and 
D/A conversions in digital transmission systems. 

REN — Ringer Equivalence Number; an indication of the im- 
pedance, or loading factor, of a telephone bell or ringer circuit. 
An REN of 1.0 equals about 8 kQ. The Bell system typically 
permits a maximum of 5.0 REN (1 .6 kQ) on an individual sub- 
scriber line. A minimum REN of 0.2 (40 kQ) is required by the 
Bell system. 

Repeater — An amplifier and associated equipment used in 
a telephone circuit to process a signal and retransmit it. 

Repertory Dialer — A dialer that stores a repertory of tele- 
phone numbers and dials any one of them automatically on 
request. 

Ring — One of the two wires connecting the central office 
to a telephone. The name derives from the ring portion of the 
plugs used by operators (in older equipment) to make the con- 
nection. Ring is traditionally negative with respect to Tip. 

RTS — Request To Send; an EIA-232 control signal between 
a modem and user's digital equipment that initiates the data 
transmission sequence on a communication line. 

Sampling Rate — The frequency at which the amplitude of 
an analog signal is gated into a coder circuit. The Nyquist 
sampling theorem states that if a band-limited signal is 
sampled at regular intervals and at a rate equal to or greater 
than twice the highest frequency of interest, the sample con- 
tains all the information of the original signal. The frequency 
band of interest in telephony ranges from 300 to 3400 Hz, so 
a sampling rate of 8 kHz provides dc to 4000 Hz reproduction. 

SCU — Subscriber Channel Unit; the circuitry at a telephone 
exchange associated with an individual subscriber line or 
channel. 

Sidetone — The sound fed back to the receiver as a result 
of speaking into the microphone. It is a natural consequence 
of the 2-to-4 wire conversion system. Sidetone was recog- 
nized by Alexander Graham Bell as necessary for a person 
to be able to speak propprly while using a handset. 

Signaling — The transmission of control or status information 
between switching systems in the form of dedicated bits or 
channels of information inserted on trunks with voice data. 

Signal-to-Distortion Ratio (S/D) — The ratio of the input sig- 
nal level to the level of all components that are present when 
the input signal (usually a 1.020 kHz sinusoid) is eliminated 
from the output signal (e.g., by filtering). 

SLIC — Subscriber Line Interface Circuit; a circuit that per- 
forms the 2-to-4 wire conversion, battery feed, line 
supervision, and common mode rejection at the central office 
(or PBX) end of the telephone line. 
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SOG package — Small-Outline Gull-wing package; formerly 
SOIC with gull-wing leads. This package has leads which fold 
out from the body. 

SOJ package — Small-Outline J-lead package; formerly 
SOIC with J leads. This package has leads which are tucked 
under the body. 

Speech Network — A circuit that provides 2-to-4 wire conver- 
sion, i.e., connects the microphone and receiver (or the 
transmit and receive paths) to the Tip and Ring phone lines. 
Additionally it provides sidetone control, and in many cases, 
the dc loop current interface. 

Subscriber Line — The system consisting of the user's tele- 
phone, the interconnecting wires, and the central office 
equipment dedicated to that subscriber (also referred to as 
a loop). 

Switchhook — A synonym for hookswitch. 

Syn (Sync) — (1) A bit character used to synchronize a time 
frame in a time-division multiplexer. (2) A sequence used by 
a synchronous modem to perform bit synchronization or by 
a line controller for character synchronization. 

Synchronous Modem — A modem that uses a derived 
clocking signal to perform bit synchronization with incoming 
data. 

T1 Carrier — A PCM system operating at 1 .544 MHz and car- 
rying 24 individual voice-frequency channels. 

TA — Terminal Adatper. 

Talkdown — Missed signals in the presence of speech. Com- 
monly used to describe the performance of a DTMF receiver 
when it fails to recognize a valid DTMF tone due to cancella- 
tion of that tone by speech. 

Talkoff — False detections caused by speech. Commonly 
used to describe the performance of a DTMF receiver when 
speech, emulating DTMF, causes the receiver to believe it has 
detected a valid DTMF tone. 

Tandem Trunk — See trunk. 

Telephone Exchange — A switching center for interconnect- 
ing the lines that service a specific area. 

TE1 — Terminal Equipment 1 (ISDN Terminal). 

TE2 — Terminal Equipment 2 (Non-ISDN Terminal). 

TELETEX — A text communication service between entirely 
electronic work stations that will gradually replace TELEX with 
the introduction of the digital network. (Not to be confused with 
teletext.) 



TELETEXT — The name usually used for broadcast text (and 
graphics) for domestic television reception. (Not to be con- 
fused with teletex.) 

Time-Division IVIultiplex — A process that permits the trans- 
mission of two or more signals over a common path by using 
a different time Interval for each signal. 

Tin Cans and String — A crude analog communications 
system commonly used to introduce voice communications 
to children. 

Tip — One of the two wires connecting the central office to 
a telephone. The name derives from the tip of the plugs used 
by operators (in older equipment) to make the connection. Tip 
is traditionally positive with respect to ring. 

Tone Ringer — The modern solid state equivalent of the old 
electromechanical bell. It provides the sound when the central 
office alerts the subscriber that someone is calling. Ringing 
voltage is typically 80-90 volts rms, 20 Hz. 

Trunk — A telephone circuit or channel between two central 
offices or switching entities. 

TSAC — Time Slot Assignor Circuit; a circuit that determines 
when a CODEC will put its 8 bits of data on a PCM bit stream. 

TSIC — Time Slot Interchange Circuit; a device that switches 
digital highways in PCM based switching systems; a "digital" 
crosspoint switch. 

Twist — The amplitude ratio of a pair of DTMF tones. (Be- 
cause of transmission and equipment variations, a pair of 
tones that originated equal in amplitude may arrive with a con- 
siderable difference in amplitude.) 

Two Wire Circuit — Refers to the two wires connecting the 
central office to the subscriber's telephone. Commonly re- 
ferred to as Tip and Ring, the two wires carry both transmit 
and receive signals in a differential manner. 

UDLT — Universal Digital Loop Transceiver; a Motorola origi- 
nated name for a voice/data transceiver circuit. 

VCD — Voltage-controlled oscillator. Input is a voltage; output 
is a sinusoidal waveform. 

VCIVI — Voltage-controlled multivibrator. Input is a voltage; 
output is a square wave. 

Voice Frequency — A frequency within that part of the audio 
range that is used for the transmission of speech of commer- 
cial quality (i.e., 300-3400 Hz). 

Weighting Network — A network whose loss varies with fre- 
quency in a predetermined manner. 
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TIA Telecommunications Industry Association 
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HANDLING PRECAUTIONS 

All CMOS devices have an insulated gate that is subject to 
voltage breakdown. The high-impedance gates on the de- 
vices are protected by on-chip networks. However, these 
on-chip networks do not make the IC immune to electrostatic 
damage (ESD). Laboratory tests show that devices may fail 
after one very high voltage discharge. They may also fail due 
to the cumulative effect of several discharges of lower poten- 
tial. 

Static-damaged devices behave in various ways, depend- 
ing on the severity of the damage. The most severely 
damaged are the easiest to detect because the input or output 
has been completely destroyed and is either shorted to Vdd. 
shorted to Vss» or open-circuited. The effect is that the device 
is no longer functional. Less severe cases are more difficult to 
detect because they appear as intermittent failures or de- 
graded performance. Static damage can often increase 
leakage currents. 

CMOS devices are not immune to large static voltage dis- 
charges that can be generated while handling. For example, 
static voltages generated by a person walking across a waxed 
floor have been measured in the 4-1 5 kV range (depending 
on humidity, surface conditions, etc.). Therefore, the following 
precautions should be observed. 

1 . Do not exceed the Maximum Ratings specified by the 
data sheet. 



All unused device inputs should be connected to Vqd 
or Vss- 

All low-impedance equipment (pulse generators, etc.) 
should be connected to CMOS inputs only after the de- 
vice is powered up. Similarly this type of equipment 
should be disconnected before power is turned off. 
A circuit board containing CMOS or devices is merely 
an extension of the device and the same handling pre- 
cautions apply. Contacting connectors wired directly to 
devices can cause damage. Plastic wrapping should be 
avoided. When external connections to a PC board ad- 
dress pins of CMOS integrated circuits, a resistor should 
be used in series with the inputs or outputs. The limiting 
factor for the series resistor is the added delay caused 
by the time constant formed by the series resistor and 
input capacitance. This resistor will help limit accidental 
damage if the PC board is removed and brought into 
contact with static generating materials. For con- 
venience, equations for added propagation delay and 
rise time effects due to series resistance size are given 
in Figure 1. 

All CMOS devices should be stored or transported in 
materials that are antistatic. Devices must not be in- 
serted into conventional plastic "snow", styrofoam or 



Figure 1. Networks for Minimizing ESD and Reducing CMOS Latch Up Susceptibility 
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Advantage: 



R2 < R1 for the same level of 
protection. Impact on ac and do 
characteristics is minimized. 



Disadvantage: More board area, higher initial cost. 



NOTE: These networks are useful for protecting the following: 

A. digital inputs and outputs 

B. analog inputs and outputs 

C. 3-state outputs 

D. bidirectional (I/O) ports 



EQUATION 1 - PROPAGATION DELAY VS 
SERIES RESISTANCE 



EQUATION 2 - RISE TIME VS 
SERIES RESISTANCE 



R«— !^ 

C»k 
where: 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay in seconds 
C = the board capacitance plus the driven device's 

input capacitance in farads 
k = 0.33 for devices with TTL input levels (switch point = 1 .3 V) 
k = 0.7 for devices with CMOS input levels (switch point = 50% 

Vdd). 



R = -i- 

C»k 
where: 

R = the maximum allowable series resistance in ohms 
t = the maximum tolerable propagation delay in seconds 
C = the board capacitance plus the driven device's 

input capacitance in farads 
k = 0.7 for devices with TTL input levels (switch point = 1 .3 V) 
k = 2.3 for devices with CMOS input levels (switch point = 50% 

Vdd). 
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10. 



11. 



12. 



plastic trays, but should be left in their original container 
until ready for use. 

All CMOS devices should be placed on a grounded 
bench surface and operators should ground themselves 
prior to handling devices, since a worker can be statically 
charged with respect to the bench surface. Wrist straps 
in contact with skin are strongly recommended. See Fig- 
ure 2. 

Nylon or other static generating materials should not 
come in contact with CMOS circuits. 
If automatic handling is being used, high levels of static 
electricity may be generated by the movement of de- 
vices, belts, or boards. Reduce static build-up by using 
ionized air blowers or room humidifiers. All parts of ma- 
chines which come into contact with the top, bottom, and 
sides of IC packages must be grounded metal or other 
conductive material. 

Cold chambers using CO2 for cooling should be 
equipped with baffles, and devices must be contained 
on or in conductive material. 

When lead-straightening or hand-soldering is neces- 
sary, provide ground straps for the apparatus used and 
be sure that soldering ties are grounded. 
The following steps should be observed during wave sol- 
der operations. 

a. The solder pot and conductive conveyor system of 
the wave soldering machine must be grounded to an 
earth ground. 

b. The loading and unloading work benches should 
have conductive tops which are grounded to an earth 
ground. 

c. Operators must comply with precautions previously 
explained. 

d. Completed assemblies should be placed in antistatic 
containers prior to being moved to subsequent sta- 
tions. 

The following steps should be observed during board 
cleaning operation. 



a. Vapor degreasers and baskets must be grounded to 
an earth ground. Operators must likewise be 
grounded. 

b. Brush or spray cleaning should not be used. 

c. Assemblies should be placed Into the vapor degreas- 
er immediately upon removal from the antistatic 
container. 

d. Cleaned assemblies should be placed in antistatic 
containers immediately after removal from the clean- 
ing basket. 

e. High velocity air movement or application of solvents 
and coatings should be employed only when module 
circuits are grounded and a static eliminator is di- 
rected at the module. 

13. The use of static detection meters for line surveillance 
is highly recommended. 

1 4. Equipment specifications should alert users to the pres- 
ence of CMOS devices and require familiarization with 
this specification prior to performing any kind of mainte- 
nance or replacement of devices or modules. 

1 5. Do not insert or remove CMOS devices from test sockets 
with power applied. Check all power supplies to be used 
for testing devices to be certain there are no voltage tran- 
sients present. 

16. Double check the equipment setup for proper polarity 
of voltage before conducting parametric or functional 
testing. 

RECOMMENDED READING 

'Total Control of the Static in Your Business" 
Available by writing to: 

3M 

Static Control Systems 

Building A145-3N-01 

P.O. Box 2963 

Austin, TX 78769-2963 
Or calling: 

1-800-328-1368 



Figure 2. Typical Manufacturing Work Station 




NOTES: 

1 . 1/16 inch conductive sheet stock covering bench top work area. 

2. Ground strap. 

3. Wrist strap in contact with skin. 

4. Static neutralizer. (Ionized air blower directed at work.) Primarily for use in areas where direct ground- 
ing is impractical. 

5. Room humidifier. Primarily for use in areas where the relative humidity is less than 45%. Caution: 
building heating and cooling systems usually dry the air causing the relative humidity inside of build- 
ings to be less than outside humidity. 
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CMOS LATCH UP 

Latch up will not be a problem for most designs, but the de- 
signer should be aware of it, what causes it, and how to 
prevent it. 

Figure 3 shows the layout of a typical CMOS inverter and 
Figure 4 shows the parasitic bipolar devices that are formed. 
The circuit formed by the parasitic transistors and resistors is 
the basic configuration of a silicon controlled rectifier, or SCR. 
In the latch-up condition, transistors Q1 and Q2 are turned on, 
each providing the base current necessary for the other to re- 
main in saturation, thereby latching the devices on. Unlike a 
conventional SCR, where the device is turned on by applying 
a voltage to the base of the NPN transistor, the parasitic SCR 
is turned on by applying a voltage to the emitter of either tran- 
sistor. The two emitters that trigger the SCR are the same 
point, the CMOS output. Therefore, to latch up the CMOS 
device, the output voltage must be greater than Vdd + 0-5 Vdc 
or less than - 0.5 Vdc and have sufficient current to trigger the 
SCR. The latch-up mechanism is similar for the inputs. 

Once a CMOS device is latched up, if the supply current is 
not limited, the device will be destroyed. Ways to prevent such 
occurrences are listed below. 

1 . Ensure that inputs and outputs are limited to the maxi- 
mum rated values, as follows: 

- 0.5 < Vjn < Vdd + 0-5 Vdc referenced to Vss 

- 0.5 < Vout ^ Vdd + 0-5 Vdc referenced to Vss 
Mini ^10mA 

I loutl ^ 10 mA when transients or dc levels exceed the 
supply voltages. 



If voltage transients of sufficient energy to latch up the 
device are expected on the outputs, external protection 
diodes can be used to clamp the voltage. Another meth- 
od of protection is to use a series resistor to limit the 
expected worst case current to the Maximum Ratings 
values (see Figure 1). 

If voltage transients are expected on the inputs, protec- 
tion diodes may be used to clamp the voltage or a series 
resistor may be used to limit the current to a level less 
than the maximum rating of lin = 10 itiA (see Figure 1). 
Sequence power supplies so that the inputs or outputs 
of CMOS devices are not powered up first (e.g., re- 
cessed edge connectors may be used in plug-in board 
applications and/or series resistors). 
Power supply lines should be free of excessive noise. 
Care in board layout and filtering should be used. 
Limit the available power supply current to the devices 
that are subject to latch-up conditions. This can be ac- 
complished with the power supply filtering network or 
with a current-limiting regulator. 



Figure 3. CMOS Wafer Cross Section 
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Figure 4. Latch Up Circuit Schematic 
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Quality In Manufacturing 



QUALITY IN DESIGN 

Motorola's quality activity starts at the product design stage. 
It Is Motorola's philosophy to "design in" reliability. At all devel- 
opment points of any new design reliability oriented guidelines 
are continuously used to ensure that a thoroughly reliable part 
is ultimately produced. This is demonstrated by the excellent 
in-house reliability testing results obtained for all Motorola's 
semiconductor products and, more importantly, by our nu- 
merous customers. 

MATERIAL INCOMING CONTROLS 

Each vendor is supplied with a copy of the Motorola Pro- 
curement Specification which must be agreed in detail 
between both parties before any purchasing agreement is 
made. This is followed by a vendor appraisal report whereby 
each vendor's manufacturing facility is visited by Motorola 
Quality Engineers responsible for ensuring that the vendor 
has a well organized and adequately controlled manufacturing 
process capable of supplying the high quality material 
required to meet the Motorola Incoming Inspection Specifica- 
tion. Large investments have and are continuously being 
made and Quality Improvement programs developed with our 
main suppliers concerning: 

Masks — Silicon — Piece-parts — Chemical products — 
Industrial gas, etc. 

Each batch of material delivered to Motorola is quarantined 
at Goods-in until the Incoming Quality Organization has sub- 
jected adequate samples to the incoming detailed inspection 
specification. In the case of masks, this will include mask 
inspection for: 

1 . Defect Density 

2. Intermask Alignment 

3. Mask Revision 

4. Device to Device Alignment 

5. Mask Type 

Silicon will undergo the following inspections: 

1. Type "N" or "P" 

2. Resistivity 

3. Resistivity Gradient 

4. Defects 

5. Physical Dimensions 

6. Dislocation Density 

Incoming chemicals are also controlled to very rigorous 
standards. Many are submitted to in-house chemical analysis 
where the supplier's conformance to specification is meticu- 
lously checked. In many cases, line tests are performed 
before final acceptance. A major issue and responsibility for 
the Incoming Quality Department is to ensure that the most 
disciplined safety factors have been employed with regard to 
chemicals. Chemicals can and are often rejected because 
safety standards have not been deemed acceptable. 
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THIS BASIC DESIGN FLOW-CHART OMITS 
SOME FEEDBACK LOOPS FOR SIMPLICITY 
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The Six Sigma Challenge 



Motorola's expressed objective is the achievement of "error 
free performance" in products and services. The high quality 
level of the product-line outputs, followed by stringent outgo- 
ing quality control, readily assures this objective. But 
error-free output from the product lines themselves is a matter 
that continues to demand full attention at all levels of produc- 
tion, design and administration. This far more stringent 
requirement has a two-fold goal: 

1 . To further improve ultimate product reliability — experi- 
ence has proved that products designed for 100% 
conformance to specifications are far less subject to field 
failure than products selected to a given level of perfor- 
mance. 

2. To reduce waste — thereby making the end-product 
more cost competitive. 

Whether or not one-hundred percent perfection is consis- 
tently achievable remains subject to conjecture. Motorola's 
already low reject rates, however, warrant a high level of confi- 
dence that the goal can be met, and milestones toward this 
objective have been firmly established. They call for a 
hundred-fold performance improvement in output by 1991, 
and a Six Sigma Capability by 1992. 

Six Sigma Capability — not yet zero defects, but 
99.9999998% perfection in both product and In customer 
services. 



Why Six Sigma? 

Each process attempts to reproduce its characteristics 
identically from unit to unit. Inherent in each process, however, 
there are variations in conditions and in materials that are 
uncontrollable and unalterable. In all cases, therefore, the 
unit-to-unit output characteristics vary somewhat from the 
Ideal (design target). 

The performance of a product is determined by how much 
margin exists between the design specifications and the actu- 
al value of that specification. For some processes, such as 
those using real-time feedback to control the output, the varia- 
tions can be quite small; for others they may be quite large. 
Many of the parametric data of a given specification tend to fol- 
low the normal distribution curve shown in Figure 1 . 

Variation of the process is measured in Standard Deviations 
(Sigma) from the Mean. The normal deviation, defined as 
process width, is ± 3 Sigma about the mean, representing a 
yield of 99.73%. But is ± 3 Sigma good enough as an overall 
specification? Statistically, with a ±3 sigma deviation, approxi- 
mately 2700 parts per million still fall outside acceptable 
performance limits. Clearly, for a product to be built virtually 
defect free it must be designed with a component yield that is 
significantly better than ± 3 Sigma. 



SPECIFICATION RANGE 




Figure 1. Standard distribution curve illustrates the Three Sigma and Six Sigma Parametric Conformance. 
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NORMAL DISTRIBUTION 
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68.27 
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95.45 




45500 
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2700 
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99.9937 




63 
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99.999943 




0.57 


±6 SIGMA 




99.9999998 
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LIMIT 



NORMAL DISTRIBUTION 
SHIFTED 1.5 a 




-6a -5a -4a -3a 



SPEC LIMIT 

± 1 SIGMA 
±2 SIGMA 
±3 SIGMA 
±4 SIGMA 
± 5 SIGMA 
± 6 SIGMA 



PERCENT 

30.23 

69.13 

93.32 

99.3790 

99.97670 

99.999660 



2a 3a 4a 5a 6a 



DEFECTIVE PPM 

697700 

308700 

66810 

6210 

233 

3.4 



Figure 2. With a Centered Distribution Between Six- 

Sigma Limits Only Two Devices Per Billion Fail to Meet 

the Specification Target. 

The Six Sigma Latitude 

Product yield is a factor of two variables: Process width and 
design width. If a process is adequately controlled so that its 
output Is ± 3 Sigma, and if the product is so well designed that 
± 3 Sigma deviations still place the products well within the 
specified design limits, then the overall yield is increased. 

The table in Figure 2 shows that a design which can accept 
twice the normal ± 3 Sigma variation of the process (design 
width = ± 6 Sigma) will have a product yield of 99.9999998%, 
corresponding to 2.0 defective parts per billion. Even if the pro- 
cess mean were to shift by as much as ± 1 .5 Sigma from the 
center of the distribution, the process would be expected to 
have no more than 3.4 parts per million defective. 

It is iVIotorola's goal to achieve ± 6 Sigma capability in prod- 
uct design, manufacturing, sales and services by 1992. 



Figure 3. Effects of a 1 .5 Sigma Shift Where Only 3.4 
ppm Fail to l\1eet Specification. 



The Motorola SPC Program 

* Purpose * Objective * Scope 

The Purpose of this program is to establish a standard ap- 
proach toward continued process improvement through 
statistical process control. 

Its Objective is to maintain all critical processes under tight 
statistical control in order to enhance quality and reduce scrap 
through identification of process variation, and through the 
reduction of these variations by means of real time corrective 
action. It is expected to establish the cultural environment and 
the organizational support required to achieve the Six-Sigma 
goal. 

Its Scope encompasses a total quality improvement effort, 
involving design, manufacturing and management of all 
Motorola product groups and their suppliers as well as their 
support departments and vendors. It provides for the estab- 
lishment of SPC teams and ensures adequate training. It 
serves as a liaison between teams in order to standardize and 
unify the approach to continuous quality improvement. 
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Continuous Improvement 




Key Factors for Success 



Management Leadership 

Top Down 

Committed 

Active 
Clear and Agreed-On Goals 



Breakthrough Thinking 

Project/Teamwork 

Training 

Reinforcing Successes 
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Verification of Statistical Process Control 



Statistical process control programs have two specific func- 
tions: 

1 . as a monitor, to verify that a specific process is under 
control, or to indicate that a process is not in control 
based on interpretation of control-chart abnormalities or 
other indications; 

2. as a quality Improvement tool, for the purpose of improv- 
ing process capability. 

In either case, documentation must be available that per- 
mits the utilization, verification and interpretation of process 
control data, or if necessary, to implement new programs for 
process improvement. 

Evidence of Process Capability 

Capability indices must be established for each critical pro- 
cess and there must be evidence that the upper and lower 
specification limits are realistic and not arbitrary. The present 
goal is Cp > 2.0 and Cpk > 1 .5. 

Evidence of a process capability study must be on file. De- 
pending on the level of sophistication, the study may include 
a factorial experiment, a nested variance study, summation of 
the results and recommendation for further action. The selec- 
tion of critical process points must be justified. 

Measurement System Capability 

Results of measurement system capability study must be 



on file. Precislon-to-Tolerance (P/T) ratio should be less than 
0.10. 

Process Control Specifications 

Process specifications must include procedures to be fol- 
lowed in the event of a process requiring corrective action. 

Operator Training 

The operators are normally the first to see the control charts. 
Incorrect interpretation will cause unnecessary and time con- 
suming investigations or delay needed studies. Consequently, 
operator training is a vital function and documented operator 
certification must be on file. 

Control Chart Accuracy and Visibility 

Control charts must be current and readily available. They 
shall be maintained by the production operators and upper 
and lower control limits must be calculated according to histor- 
ical data. 

Control Chart Tracking 

Control charts must be tracked continuously. All out-of-con- 
trol points must be highlighted and the appropriate corrective 
action described either on the chart or in a companion log. The 
objective is to view the trend, not simply to obtain a snapshot- 
in-time. 



Supplier/Customer Relationships 



Customers have no desire to control a supplier's process. 
Nor are they interested in the confidential details of a sup- 
plier's processes. They only want assurance (data) that a 
supplier has an ongoing program that supports an overall 
statistical process control plan. Primarily, Motorola's cus- 
tomers are interested in a supplier's statistical control of the 
critical processes, and his early warning system which keeps 
a process from becoming marginal. Most importantly, they are 
interested in what is being done for continuous Improvement. 

What We Offer Our Customers 

It has been adequately demonstrated that a well monitored 
and controlled manufacturing process with minimum varia- 
tions will produce a better, more useful and more reliable 
product at a reduced cost. In many instances, customer satis- 
faction now hinges not so much on a product's ability to meet 
specifications as on a manufacturer's ability to control his pro- 
cesses as evidenced by reduced variability. This is used as an 
indicator of both product quality and projected costs. Motorola 
provides detailed data and inferential statistics that allow cus- 
tomers to make decisions about the product they buy. In many 
instances, we provide a customer access to our computer 
data banks in order to improve communications and reduce 
turnaround time for product approval. 



What We Expect From Our Suppliers 

Improved quality of Incoming material is crucial to success 
in achieving our Six Sigma goals. In order to accomplish this 
goal, we feel it necessary to reduce the number of suppliers 
and to work closely with those remaining as partners to 
resolve quality issues. 

It is the responsibility of Motorola Supplier Quality Control 
to ensure that all suppliers maintain an adequate system of 
process and material controls which provides for prevention 
(as opposed to detection) of defects in their manufacturing 
processes. This includes, but is not limited to, the following: 

• General plan for continuous improvement 

• Detailed product flow 

• Process control plan 

• Equipment and process capability studies 

• Measurement system capability studies 

• Specific action plan for out-of-control conditions 

• Evidence of statistical process control 
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Motorola's Reliability and Quality Monitor Philosophy 



In order to guarantee that the high standards of reliability 
and quality required by the Motorola continue throughout the 
entire production lifetime of each product family, an ongoing 
Reliability Monitor/Audit Program is established. 

Individual product and package family monitors are devel- 
oped by identifying the appropriate device(s) for each process 
family (in most cases the same device used to qualify a 
process/product/package family). Once identified, the appro- 
priate stress test programs are put in place to monitor the 
ongoing process average of the specific family. This process 
average measurement is made by understanding the reli- 
ability and quality results of individual samples. The stresses 
and sampling used vary according to the product technologies 
used and the unique requirements of the customer base. In all 
cases the monitors have been defined so as to quantify the 
progress being made toward sector goals of six sigma quality 
and significant reduction in infant mortality, and long term fail- 
ure rates. 

Monitor testing is completed on an ongoing cycle with test 
results made available quarterly. These reports detail all test 
results received for the previous quarter, outlining the reli- 
ability data associated with all process/package family types. 

With all of these data, an effective ongoing monitor is estab- 
lished which is capable of identifying reliability trends 
associated with all process/product/package families. 

For a complete description, order document BR518/D. 

Reliability Stress Tests 

The following summary gives brief descriptions of the vari- 
ous reliability tests included in a reliability monitor program. 
Not all of the tests listed are performed by each product group 
and other tests can be performed when appropriate. In addi- 
tion some form of preconditioning may be used in conjunction 
with the following tests. 

HIGH TEMPERATURE OPERATING LIFE 

High temperature operating life (HTOL or HTRB) testing is 
performed to accelerate failure mechanisms which are ther- 
mally activated through the application of extreme 
temperatures and the use of biased operating conditions. The 
temperature and voltage conditions used in the stress will vary 
with the product being stressed. However, the typical stress 
ambient is 1 25°C, with the bias applied equal to or greater than 
the data sheet nominal value. All devices used in the HTOL 
test are sampled directly after final electrical test with no prior 
burn-in or other prescreening unless called out in the normal 
production flow. Testing can either be performed with dynamic 
signals applied to the device or in static bias configuration for 
a typical test duration of 1008 hours. 



the devices are heated to the hot dwell where they remain for 
another ten minute time period. The system employs a circu- 
lating air environment to assure rapid stabilization at the 
specified temperature. The dwell at each extreme, plus the 
two transition times of five minutes each (one up to the hot 
dwell temperature, another down to the cold dwell temper- 
ature), constitute one cycle. Test duration for this test will vary 
with device and packaging system employed. Typical test 
duration is for 1000 cycles with some tests extended to look 
for longer term effects. 

THERMAL SHOCK 

The objective of thermal shock testing is the same as that 
for temperature cycle testing — to emphasize the differences 
in expansion coefficients of the packaging system. However, 
thermal shock provides additional stress in that the device is 
exposed to a sudden change in temperature due to the trans- 
fer time of ten seconds maximum as well as the increased 
thermal conductivity of a liquid ambient. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with minimum 
and maximum temperatures being - 65°G to + 150°C. De- 
vices are placed in a fluorocarbon bath and cooled to minimum 
specified temperature. After being held in the cold chamber for 
five minutes minimum, the devices are transferred to an adja- 
cent chamber filled with fluorocarbon at the maximum 
specified temperature for an equivalent time. Two five-minute 
dwells plus two ten-second transitions constitute one cycle. 
Test duration is for normally 1 000 cycles with some tests being 
extended to look for longer term effects. 

TEMPERATURE HUMIDITY BIAS 

Temperature humidity bias (THB or H3TRB) is an environ- 
mental test performed at a temperature of 85°C and a relative 
humidity of 85%. The test is designed to measure the moisture 
resistance of plastic encapsulated circuits. A nominal static 
bias is applied to the device to create the electrolytic cells 
necessary to accelerate corrosion of the metalization. Most 
groups are tested to 1008 hours, with some groups extended 
beyond to look for longer term effects. 

AUTOCLAVE 

Autoclave is an environmental test that measures device 
resistance to moisture penetration and the resultant effects of 
galvanic corrosion. Conditions employed during the test 
include 1 21 °C, 1 00% relative humidity, and 1 5 psig. Corrosion 
of the die is the expected failure mechanism. Autoclave is a 
highly accelerated and destructive test. Typical test durations 
are 48 and 96 hours. This test may be followed by HTOL or 
HTRB for 24 to 48 hours to further accelerate the corrosion 
failure mechanism. 



TEMPERATURE CYCLE 

Temperature cycle accelerates the effects of thermal 
expansion mismatch among the different components within 
a specific die and packaging system. This test is typically 
performed per MIL-STD-883 or MIL-STD-750 with the 
minimum and maximum temperatures being - 65°C and 
+ 150°C. During temperature cycle testing, devices are 
inserted into a cycling system and held at the cold dwell 
temperature for at least ten minutes. Following this cold dwell. 



HAST/PTHB (PRESSURE- 
TEMPERATURE-HUMIDITY-BIAS) 

This test is performed to accelerate the effects of moisture 
penetration with the dominant effect being corrosion. This test 
detects similar failure mechanisms as THB, but at a greatly 
accelerated rate. Conditions usually employed during this test 
are a temperature of 121°C or greater, pressure of 15 psig or 
greater, humidity of 1 00% (PTHB) or humidity of 85% (HAST), 
and a bias level that is the nominal rating of the device. 
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CYCLED TEMPERATURE HUMIDITY BIAS 

This test is used to examine devices ability to withstand the 
combined effects of temperature cycling, high humidity, and 
voltage (test can be run without bias). This test differs from a 
typical humidity test in its use of temperature cycling. A typical 
test condition used is as follows: humidity = 90 to 98%, tem- 
perature cycle of 25°C to 65°C, and bias applied = nominal 
device rating. This test is usually run for 1008 hours. 

POWER TEMPERATURE CYCLING 

This test is performed on semiconductor devices to deter- 
mine the effects of alternate exposures to extremes of high 
and low temperature with operating voltages periodically 
applied and removed. A typical test condition used is as 
follows: temperature cycle range = - 40°C to 125°C, bias 
applied = nominal device rating, and power cycling rate = 5.0 
minutes (0N)/5 minutes (OFF). This test Is usually run for 
1000 cycles. 

POWER CYCLING 

This test is performed at a constant ambient temperature 
with operating voltage(s) periodically applied and removed, 
producing a ATJA, typically between 50°C and 150°C. Ambi- 
ent temperatures range between 25°G and 150°C. A typical 
test condition used is as follows: ambient temperature 25°G, 
ATJA = 1 25°C with nominal bias, power "ON" 5.0 minutes and 
"OFF 5.0 minutes. This test is usually run for at least 504 
hours. 

LOW TEMPERATURE OPERATING LIFE 

This test is performed primarily to accelerate HOI (hot car- 
rier injection) effects in semiconductor devices by exposing 
them to room ambient or colder temperatures with the use of 
biased operating conditions. Threshold shifts or parametric 
changes are typically the basis for failure. The length of this 
test will vary with temperature and bias conditions employed. 

WRITE/ERASE CYCLING OF EEPROMs 

This test Is employed to evaluate the effects of repeated 
programming and erasing excursions on EEPROM devices 
without corruption of data. This write/erase cycling will usually 
be performed at an elevated operating temperature for greater 
than 10,000 cycles. 

HIGH TEMPERATURE STORAGE/DATA RETENTION 

High temperature storage is performed to measure the 
stability of semiconductor devices, including the data reten- 
tion characteristics of EPROM and EEPROM devices, during 
storage at elevated temperatures with no electrical stress 
applied. The devices are typically exposed to an ambient of 
1 50°C. An acceleration of charge loss from the storage cell or 
threshold changes are the expected results. All groups are 
typically tested to 1 008 hours. 



SYSTEM SOFT ERROR 

System soft error is designed to detect errors caused by 
impact ionization of silicon by high energy particles. This 
stress is performed on a system level basis. The system is 
operated for millions of device hours to obtain an accurate 
measure of actual system soft error performance. This test is 
performed on memory devices only. 

MECHANICAL SHOCK 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand a sudden change in mechanical stress typically 
due to abrupt changes in motion as seen in handling, trans- 
portation, or actual use. A typical test condition would be as 
follows: acceleration = 1500 g, orientation = Y1 plane, t = 
0.5 ms, and number of pulse = 5. 

VARIABLE FREQUENCY VIBRATION 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the ability of the device 
to withstand deterioration due to mechanical resonance. A 
typical test condition is: peak acceleration = 20 g, frequency 
range = 20 Hz to 20 kHz, and t = 48 minutes. 

CONSTANT ACCELERATION 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to indicate structural or mechanical 
weaknesses in a device/packaging system by applying a se- 
vere mechanical stress. A typical test condition used is as 
follows: stress level = 30 kg, orientation = Y1 plane, and t = 1 
minute. 

SOLDER HEAT 

This test is used to examine the device's ability to withstand 
the temperatures seen in soldering over a more extended peri- 
od as compared to the typical exposure levels seen in a 
production process. Electrical testing is the endpoint criterion 
for this stress. 

LEAD INTEGRITY 

This test is typically performed per MIL-STD-883 or 
MIL-STD-750 and is used to examine the mechanical proper- 
ties of a device's leads, welds, and seals. Various conditions 
can be employed and provide for: tensile loading, bending 
stresses, torque or twist, and peel stress. The failure is deter- 
mined visually under 3X to 10X magnification. 

SALT ATMOSPHERE 

This test is performed per MIL-STD-883 or MIL-STD-750 
and Is used to evaluate the corrosive effects of a seacoast type 
atmosphere on device and package elements. A failure is de- 
termined visually under 10X to 20X magnification. 
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The package availability for each device is indicated on the front page of the individual data sheets. 
Dimensions for the packages are given in this chapter. 



8-PlN PACKAGES 



1^ AAJ 



PLASTIC PACKAGE 
CASE 626-05 




) 

NOTE 2 -/ |-< 1 -A- I > 





NOTES: 

1. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

2. PACKAGE CONTOUR OPTIONAL (ROUND OR 
SQUARE CORNERS). 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


9.40 


10.16 


0.370 


0.400 


B 


6.10 


6.60 


0.240 


0.260 


C 


3.94 


4.45 


0.155 


0.175 


D 


0.38 


0.51 


0.015 


0.020 


F 


1.02 


1.78 


0.040 


0.070 


G 


2.54 BSC 


0.1 00 BSC 


H 


0.76 


1.27 


0.030 


0.050 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.62 BSC 


0.300 BSC 


M 


— 


10» 


— 


10" 


N 


0.76 


1.01 


0.030 


0.040 
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SO PACKAGE 
CASE 751-04 



h— S} 
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^K PLANE 



1 0.25 (0.010)® I T| BCD I A(D 




JfL 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIM: MILUMETER. 

3. DIMENSION A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.127 
(0.005) TOTAL IN EXCESS OF THE D 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 



DIM 


MILLIM 


ETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


4.80 


5.00 


0.189 


0.196 


8 


3.80 


4.00 


0.150 


0.157 


C 


1.35 


1.75 


0.054 


0.068 


D 


0.35 


0.49 


0.014 


0.019 


F 


0.40 


1.25 


0.016 


0.049 


G 


1.27 BSC 


0.050 BSC 1 


J 


0.18 


0.25 


0.007 


0.009 


K 


0.10 


0.25 


0.004 


0.009 


M 


0" 


7° 


0" 


r 


P 


5.80 


6.20 


0.229 


0.244 


R 


0.25 


0.50 


0.010 


0.019 
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14-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 632-08 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 
THE LEAD ENTERS THE CERAMIC BODY 



DIM 


INCHES 


MILLIt 


ETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.750 


0.785 


19.05 


19.94 


B 


0.245 


0.280 


6.23 


7.11 


c 


0.155 


0.200 


3.94 


5.08 


D 


0.015 


0.020 


0.39 


0.50 


F 


0.055 


0.065 


1.40 


1.65 


G 


0.100 BSC 


2.54 BSC 


J 


0.008 


0.015 


0.21 


0.38 


K 


0.125 


0.170 


3.18 


4.31 


L 


0.300 BSC 


7.62 


BSC 


M 


0° 


15° 


0* 


15* 


N 


0.020 


0.040 


0.51 


1.01 



A A A A A A A 




14 8 
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t 
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1 
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PLASTIC PACKAGE 
CASE 646-06 





NOTES: 

1. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSIONS DOES NOT INCLUDE MOLD 
FLASH. 

4. ROUNDED CORNERS OPTIONAL. 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.715 


0.770 


18.16 


19.56 


B 


0.240 


0.260 


6.10 


6.60 


C 


0.145 


0.185 


3.69 


4.69 


D 


0.015 


0.021 


0.38 


0.53 


F 


0.040 


0.070 


1.02 


1.78 


G 


0.1 00 BSC 


2.54 


BSC 


H 


0.052 


0.095 


1.32 


2.41 


J 


0.008 


0.015 


0.20 


0.38 


K 


0.115 


0.135 


2.92 


3.43 


L 


0.300 BSC 


7.62 


BSC 


M 


0° 10' 


6* 


lb* 


N 


0.015 0.039 


0.39 


1.01 



S" 



so PACKAGE 
CASE 751 A-03 
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NOTES: 

1 . DIMENSIONI NG AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLUNG DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.15 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


8.55 


8.75 


0.337 


0.344 


B 


3.80 


4.00 


0.150 


0.157 


C 


1.35 


1.75 


0.054 


0.068 


D 


0.35 


0.49 


0.014 


0.019 


F 


0.40 


1.25 


0.016 


0.049 


G 


1.27 BSC 


0.05( 


3 BSC 


J 


0.19 


0.25 


0.008 


0.009 


K 


0.10 


0.25 


0.004 


0.009 


M 


0" 


r 


0° 


7° 


P 


5.80 


6.20 


0.299 


0.244 


R 


0.25 


0.50 


0.010 


0.019 



Mechanical Data 
8-4 



MOTOROLA COMMUNICATIONS DEVICE DATA 



16-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 620-10 




NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M. 1982. 

2. CONTROLUNG DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIM F MAY NARROW TO 0.76 (0.030) WHERE 
THE LEAD ENTERS THE CERAMIC BODY 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 


A 


0.750 


0.785 


19.05 


19.93 


B 


0.240 


0.295 


6.10 


7.49 


c 




0.200 




5.08 


D 


0.015 


0.020 


0.39 


0.50 


E 


0.050 BSG 


1.27 


BSC 


F 


0.055 1 0.065 


1.40 


1.65 


Q 


0.100 BSC 


2.54 


BSC 


J 


0.008 


0.015 


0.21 


0.38 


K 


0.125 


0.170 


3.18 


4.31 


L 


0.300 BSC 


7.62 


BSC 


M 


0° 1 15' 


0' 


15- 


N 


0.020 1 0.040 


0.51 


1.01 



< EaZ] ^ 

£u2u2u2u2u2u2li1 



Uyijijijuijy 



3^ 



PLASTIC PACKAGE 
CASE 648-08 



i-C 




j-JU- 




- D16PL 

|^|0.25(0.010)(g)|T| A®] 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.19a2. 

2. CONTROLUNG DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 

5. ROUNDED CORNERS OPTIONAL. 



DIM 




MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


0.740 


0.770 


18.80 


19.55 


B 


0.250 


0.270 


6.35 


6.85 


C 


0.145 


0.175 


3.69 


4.44 


D 


0.015 


0.021 


0.39 


0.53 


F 


0.040 


0.070 


1.02 


1.77 


G 


0.100 BSC 


2.54 BSC 1 


H 


0.050 BSC 


1.27 BSC 1 


J 


0.008 


0.015 


0.21 


0.38 


K 


0.110 


0.130 


2.80 


3.30 




0.295 


0.305 


7.50 


7.74 


M 


0» 


10» 


0' 


10° 


s 


0.020 


0.040 


0.51 


1.01 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-5 



16-PIN PACKAGES 



SO PACKAGE 
CASE 751 B-05 




K— I I _»JU--Rx45» 4 

f^pbtfetHHHHfcul^ i. jC (^y L 

SEATING T T ^ M 



JfL 



-D16PL 



|"$-|0.25(0.010)(g)|T| B(D| A(D| 



NOTES: 

1. DIMENSIONS A AND B ARE DATUMS AND T IS 
A DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M. 1982. 

3. CONTROLUNG DIMENSION: MILLIMETER. 

4. DIMENSION A AND B DO NOT INCLUDE MOLD 
PROTRUSION. 

5. MAXIMUM MOLD PROTRUSION 0.1 6 (0.006) 
PER SIDE. 

6. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.127 (0.005) TOTAL 
IN EXCESS OF THE D DIMENSION AT 
MAXIMUM MATERIAL CONDITION. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


9.80 


10.00 


0.386 


0.393 


B 


3.80 


4.00 


0.150 


0.157 


C 


1.35 


1.75 


0.054 


0.068 


D 


0.35 


0.49 


0.014 


0.019 


F 


0.40 


1.25 


0.016 


0.049 


G 


1.27 BSC 


0.050 BSC 


J 


0.19 


0.25 


0.008 


0.009 


K 


0.10 


0.25 


0.004 


0.009 


M 


0« 


7' 


0= 


7° 


P 


5.80 


6.20 


0.229 


0.244 


R 


0.25 


0.50 


0.010 


0.019 



-1^1- 



JJ 



in 



M. 



roTi 



^-Gl4PL 



SO PACKAGE 
CASE 751 G-02 



fP SPL 
I -0-1 0.25 (0.010)® I B®] 



fi^ 



—J U- D 16 

P0To-25(o.oio)®|t| a(D| b©1 



Lk SEATING M 

^ ^ PLANE 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.1 5 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


10.15 


10.45 


0.400 


0.411 


B 


7.40 


7.60 


0.292 


0.299 


C 


2.35 


2.65 


0.093 


0.104 


D 


0.35 


0.49 


0.014 


0.019 


F 


0.60 


0.90 


0.020 


0.035 


G 


1.27 BSC 


0.05( 


3 BSC 


J 


0.25 


0.32 


0.010 


0.012 


K 


0.10 


0.25 


0.004 


0.009 


M 


0' 


7' 


0° 


V 


P 


10.05 


10.55 


0.395 


0.415 


R 


0.25 


0.75 


0.010 


0.029 



Mechanical Data 
8-6 



MOTOROLA COMMUNICATIONS DEVICE DATA 



18-PIN PACKAGES 



PLASTIC PACKAGE 
CASE 707-02 



f\ rt ri f\ rt f\ rt f\ f\ 




18 10 
) 
Ol 9 


t 

B 


IJIJIJIJUUIJIJIJ 
< A ► 







M -^r-^ 



NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION. IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


22.22 


23.24 


0.875 


0.915 


B 


G.10 


6.60 


0.240 


0.260 


c 


3.56 


4.57 


0.140 


0.180 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 


1.52 


0.040 


0.060 


J 


0.20 


0.30 


0.008 


0.012 


K 


2.92 


3.43 


0.115 


0.135 


L 


7.62 BSC 


0.300 BSC 


M 


0' 15° 


0" 


IS- 


N 


0.51 1.02 


0.020 


0.040 



CERAMIC PACKAGE 
CASE 726-04 



-G^ 



r^f^r^f^rit^r^f^r^ 



18 



kPkiJlJlt/'kjJk/'lu'lu'luJ 



EbU 



OPTIONAL LEAD 
CONFIGURATION (1,9,10,18) 




-wk— Dl8F 

[^1 0.25 (0.010)® I T| A©| 




NOTES: 

1. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M 1982. 

2. CONTRoLiNG DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION F FOR FULL LEADS. HALF 
LEADS OPTIONAL AT LEAD POSITIONS 1.9, 
10. AND 18. 



DIM 


MILLIMETERS 


INC 


^ES 


MIN 


MAX 


MIN 


MAX 


A 


22.35 


23.11 


0.880 


0.910 


B 


6.10 


7.49 


0.240 


0.295 


c 


— 


5.08 


— 


0.200 


D 


0.38 


0.53 


0.015 


0.021 


F 


1.40 


1.78 


0.055 


0.070 


G 


2.54 BSC 


0.100 BSC 


J 


0.20 


0.30 


0.008 


0.012 


K 


3.18 


4.32 


0.125 


0.170 


L 


7.6 


BSC 


0.300 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.51 


1.02 


0.020 


0.040 



1 0.25 (0.010)® I t| B(D| 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-7 



20-PIN PACKAGES 



hhl£ 



M 



CERAMIC PACKAGE 
CASE 732-03 



\}\/\/ \}^ 



-*.L-wl SEATING-/ I I ZJ ** ^WM^ 



NOTES: 

1 . LEADS WITHIN 0.25 (0.01 0) DIA.. TRUE 
POSITION AT SEATING PLANE. AT MAXIMUM 
MATERIAL CONDITION. 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

3. DIM A AND B INCLUDES MENISCUS. 



DIM 


MILLIMETERS 


INCHES 1 


MIN MAX 


MIN 


MAX 




23.88 25.15 


0.940 


0.990 




6.60 7.49 


0.260 


0.295 




3.81 5.08 


0.150 


0.200 




0.38 0.56 


0.015 


0.022 




1.40 1.65 


0.055 


0.065 




2.54 BSC 


0.100 BSC 1 




0.61 1.27 


0.020 


0.050 




0.20 0.30 


0.008 


0.012 




3.18 4.06 


0.125 


0.160 




7.62 BSC 


0.300 BSC 




0' 15' 


0' 1 15° 


N 


0.25 1.02 


0.010 1 0.040 



PLASTIC PACKAGE 
CASE 738-03 




»-| |«« D 20 PL 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 



0.25 (0.010) (m)[t1 A®1 



DIM 


INCHES 


MILLIMETERS 1 


MIN 


MAX 


MIN 


MAX 




1010 


1070 


25.66 


27.17 




0240 




6.10 


6.60 




0.150 


0.180 


3,81 


4.57 




0.015 


0.022 


0.39 


0.55 




0.050 


BSC 


1.27 BSC 




0,050 


0.070 


1.27 1.77 




0.1 00 BSC 


2.54 BSC 




0.008 


0.015 


0.21 


0.38 1 




0.110 


0.140 


2.80 


3.55 1 




0.300 BSC 


7.62 BSC 




0° 


15' 


0° 15° 




0.020 


0.040 


0.51 1.01 



H33- 







M 



SO PACKAGE 
CASE 751 D-04 



S 



y y y y y 

— ^ |««- D 20 PL 



l-B-l P 10 PL 

[^0.010(0.25)® I B® I 



FTBTIii 



0.010(0.25)® I T| a© I B©"! [^frU 



Ihlnh H ^ N nln hi 



RX45° 



-G 18 PL 



T^ 



SEATING 
PLANE 




NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.150 
(0,006) PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.1 3 
(0.005) TOTAL IN EXCESS OF D DIMENSION 
AT MAXIMUM MATERIAL CONDITION. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN MAX 


A 


12.65 


12.95 


0.499 0.510 


B 


7.40 


7.60 


0.292 0.299 


c 


2.35 


2.65 


0.093 0.104 





0.35 


0.49 


0.014 0.019 


F 


0.50 


0.90 


0.020 0.035 


G 


1.27 BSC 


0.050 BSC 


J 


0.25 


0.32 


0.010 


0.012 


K 


0.10 


0.25 


0.004 


0.009 


M 


0° 


7° 


0° 


7° 


P 


10.05 


10.55 


0.395 


0.415 


R 


0.25 


0.75 


0.010 


0.029 



Mechanical Data 
8-8 



MOTOROLA COMMUNICATIONS DEVICE DATA 



20-PIN PACKAGES 



-usy 



flja_Q_a_o_B_e_a_o 



flTTBTTm 



ryrr 



* 



L- S10PL 

I -0-1 0.13 (0.005)® I B®] 



-*— D20PL 



f t 1^1 0.10 (0.004) I K.M 

^ -T- I SEATING 



|0.13(0.005)®|t| b©| a©| 



so PACKAGE 
CASE 751 J-02 



-JkC 



M (I t L; 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIM: MILLIMETER. 

3. DIMENSION AANDB DO NOT INCLUDE MOLD 
PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.1 5 (0.006) 
PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE DAMBAR 
PROTRUSION. ALLOWABLE DAMBAR 
PROTRUSION SHALL BE 0.13 (0.005) TOTAL IN 
EXCESS OF THE D DIMENSION AT MAXIMUM 
MATERIAL CONDITION. 



DIM 


MILLIMETERS 


INCHES 1 


MIN 


MAX 


MIN 


MAX 


A 


12.55 


12.80 


0.494 


0.504 


B 


5.10 


5.40 


0.201 


0.213 


C 


— 


2.00 


— 


0.079 


D 


0.35 


0.45 


0.014 


0.018 


G 


1.27 BSC 


0.050 BSC 1 


J 


0.18 


0.23 


0.007 


0.009 


K 


0.55 


0.85 


0.022 


0.033 


L 


0.05 


0.20 


0.002 


0.008 


M 


0' 


r 


0° 


r 


S 


7.40 


8.20 


0.291 


0.323 



PLASTIC PACKAGE 
CASE 804-01 



{<, /\ /\ /\ ,^ /\ /\ /\ /\ A 



KJWWWK/W^KJ^ 



T 

B 

1 




NOTES: 
9. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M. 1982. 

10. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 



11 



DIMENSION LTO CENTER OF LEADS WHEN 
FORMED PARALLEL. 



12. CONTROLLING DIMENSION: INCH. 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.930 


0.970 


23.63 


24.63 


B 


0.240 


0.260 


6.10 


6.60 


c 


0.150 


0.170 


3.81 


4.31 


D 


0.015 


0.022 


0.38 


0.56 


F 


0.050 


0.070 


1.27 


1.78 


G 


0.100 BSC 


2.54 BSC 


H 


0.030 NOM 


0.76 NOM 


J 


0.009 1 0.013 


0.23 1 0.33 


K 


0.115 1 0.140 


2.93 1 3.55 


L 


0.300 BSC 


7.62 BSC 


M 


0° 


15» 


0° 


15° 


N 


0.020 


0.040 


0.51 


1.02 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-9 



20-PIN PACKAGES 



PLCC PACKAGE 
CASE 775-02 



.irfy - 



YBRK 




-B 1^1 0.007 (0.180)®! T I L -M © I N © I 

-U 1^1 0.007 (0.180)®! T I L-M© I N© I 




■ G1 1^! 0.010 (0.250)©! T I L -M © ! N © ! 



A !^! 0.007(0.180)®|t!L-M©|N©| 
R !^! 0.007 (0.1 80)®! T ! L -M © I N © I 




VIEWS 



- H !^| 0.007 (0.180)®!t! l-m© I n© ! 



F !^| 0.007 (0.180)®!t! L-M© I N© ! 



NOTES: 

1. DATUMS -L-. -M-, AND -N- DETERMINED WHERE 
TOP OF LEAD SHOULDER EXITS PLASTIC BODY 
AT MOLD PARTING LINE. 

2. DIM G1 , TRUE POSITION TO BE MEASURED AT 
DATUM -T-. SEATING PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MOLD FLASH IS 0.010 (0.250) PER 
SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982, 

5. CONTROLLING DIMENSION: INCH. 

6. THE PACKAGE TOP MAY BE SMALLER THAN THE 
PACKAGE BOnOM BY UP TO 0.012 (0.300). 
DIMENSIONS R AND U ARE DETERMINED AT THE 
OUTERMOST EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAR BURRS, 
GATE BURRS AND INTERLEAD FLASH, BUT 
INCLUDING ANY MISMATCH BETWEEN THE TOP 
AND BOTTOM OF THE PLASTIC BODY 

7. DIMENSION H DOES NOT INCLUDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 (0.940). 
THE DAMBAR INTRUSION(S) SHALL NOT CAUSE 
THE H DIMENSION TO BE SMALLER THAN 0.025 



DIM 


INC 


HES 


MILLIk 


METERS 


MIN 


MAX 


MIN 


MAX 


A 


0.385 


0.395 


9.78 


10.03 


B 


0.385 


0.395 


9.78 


10.03 





0.165 


0.180 


4.20 


4.57 


E 


0.090 


0.110 


2.29 


2.79 




0.013 


0.019 


0.33 


0.48 


G 


0.05 


OBSC 


1.27 BSC 


H 


0.026 


0.032 


0.66 


0.81 


J 


0.020 


— 


0.51 


— 


K 


0.025 


— 


0.64 


— 


R 


0.350 


0.356 


8.89 


9.04 


U 


0.350 


0.356 


8.89 


9.04 


V 


0.042 


0.048 


1.07 


1.21 


W 


0.042 


0.048 


1.07 


1.21 


X 


0.042 


0.056 


1.07 


1.42 


Y 


— 


0.020 


— 


0.50 


Z 


go 


10» 


2" 


10° 


6i 


0.310 


0.330 


7.88 


8.38 


K1 


0.040 


— 


1.02 


— 



Mechanical Data 
8-10 



MOTOROLA COMMUNICATIONS DEVICE DATA 



22-PIN PACKAGES 



PLASTIC PACKAGE 
CASE 708-04 



i^i^i^t^i^r^i^r^r^i^i^ 



A » 



jtmrnm 

-JhU- -J G U- -J U- F -JU- D \-seating T 




Um ^-^ 



NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS (D). 
SHALL BE WITHIN 0.25 (0.010) AT MAXIMUM 
MATERIAL CONDITION, IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION LTO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSIONS DOES NOT INCLUDE MOLD 
FLASH. 



DIM 


MILLIMETERS 


INC 


HES 


MIN 


MAX 


MIN 


MAX 


A 


27.56 


28.32 


1.085 


1.115 


B 


8.64 


9.14 


0.340 


0.360 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.27 


1.78 


0.050 


0.070 


G 


2.54 BSC 


0.100 BSC 


H 


1.02 1 1.52 


0.040 


0.060 


J 


0.20 1 0.38 


0.008 


0.015 


K 


2.92 1 3.43 


0.115 


0.135 


L 


10.16 BSC 


0.400 BSC 1 


M 


0° 1 15' 


0° 


15° 


N 


0.51 1 1.02 


0.020 


0.040 



CERAMIC PACKAGE 
CASE 736-05 



OPTIONAL LEAD 
CONFIQURATION 




- D22PL 

I •0-10.25 (0.010)® I T| A(D| 



•J 22 PL 

|-$-| 0.25(0.010)® I T| B©| 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION F FOR FULL LEADS. HALF LEADS 
OPTIONAL AT LEAD POSITIONS 1 , 1 1 . 1 2. AND 22. 

5. DIM F MAY NARROW TO 0.76 (0.030) WHERE THE 
LEAD ENTERS THE CERAMIC BODY 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1.060 


1.095 


26.93 


27.81 


B 


0.360 


0.390 


9.15 


9.90 


C 


0.150 


0.215 


3.81 


5.46 


D 


0.015 


0.021 


0.39 


0.53 


F 


0.050 


0.065 


1.27 


1.65 


G 


0.1 00 BSC 


2.54 BSC 


J 


0.008 1 0.015 


0.20 


0.39 


K 


0.125 1 0.170 


3.18 


4.31 


L 


O.40OBSC 


10.18 BSC j 


M 


0° 


15» 


0° 


15° 


N 


0.020 


0.050 


0.51 


1.27 




PLASTIC PACKAGE 
CASE 736B-01 



- D22PL 

|-^|0.25(0.010)®|T| a(D1 



I — I 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

2. CONTROLUNG DIMENSION: INCH. 

3. DIMENSION L TO CENTER OF LEAD WHEN 
FORMED PARALLEL. 

4. DIMENSION AAND B DOES NOT INCLUDE MOLD 
FLASH. MAXIMUM MOLD FLASH 0.25 (0.010). 



=1 



J 22 PL - 

I -^-l 0.25 (0.010)® I T| 



DIM 


INCHES 


MILLIMETERS 


MIN 


MAX 


MIN 


MAX 


A 


1.060 


1.070 


26.92 


27.17 


B 


0.280 


0.300 


7.12 


7.62 


c 


0.150 


0.180 


3.81 


4.57 


D 


0.015 


0.021 


0.39 


0.53 


F 


0.045 


0.055 


1.15 


1.39 


G 


0.100 BSC 


2.54 BSC 


J 


0.008 


0.012 


0.21 


0.30 


K 


0.125 


0.135 


3.18 


3.42 


L 


0.30( 


BSC 


7.62 BSC 


M 


0° 


15° 


0° 


15° 


N 


0.020 


0.040 


0.51 


1.01 



B®| 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-11 



24-PIN PACKAGES 



CERAMIC PACKAGE 
CASE 623-05 



i-ii-iripirinnnmrir-iri 




24 13 


' 


) 

1 12 


l\ 


uuuuuuuuuuuu 

< A ► 






SEATING PLANE 



^ WUm 




NOTES: 

1. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL. 

2. LEADS WITHIN 0.13 (0.005) RADIUS OF TRUE 
POSITION AT SEATING PLANE AT MAXIMUM 
MATERIAL CONDITION. (WHEN FORMED 
PARALLEL). 



DIM 


MILLIMETERS 


INCHES 1 


MIN MAX 




MAX 


A 


31.24 32.77 


1.230 


1.290 


B 


12.70 15.49 


0.500 


0.610 


C 


4.06 5.59 


0.160 


0.220 


D 


0.41 0.51 


0.016 


0.020 


F 


^27 1.52 


0.050 


0.060 


d 


2.54 BSC 


0.100 BSC 1 


J 


0.20 0.30 


0.008 


0.012 


K 


3.18 4.06 


0.125 


0.160 


L 


15.24 BSC 


0.600 BSC 1 


M 


0' 15» 


0" 


15« 


N 


0.51 1.27 


0.020 


0.050 



PLASTIC PACKAGE 
CASE 709-02 



,i"ii»ii"irtHSftHSrti*ii"ii*irt, 



jO 12 




F D ^SEATING 

PLANE 






NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS (D), 
SHALL BE WITHIN 0.25 (0.01 0) AT MAXIMUM 
MATERIAL CONDITION, IN RELATION TO 
SEATING PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD 
FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN MAX 


A 


31.37 


32.13 


1.235 1.265 


B 


13.72 


14.22 


0.540 0.560 


t 


3.94 


5.08 


0.155 0.200 


D 


0.36 


0.56 


0.014 0.022 


F 


1.02 


1.52 


0.040 0.060 


6 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.03 


0.065 


0.080 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.6a 


BSC 


M 


0» 


15" 


0° 


15" 


N 


0.51 


1.02 


0.020 


0.040 



Mechanical Data 
8-12 



MOTOROLA COMMUNICATIONS DEVICE DATA 



24-PIN PACKAGES 



PLASTIC PACKAGE 
CASE 724-03 







< 1 -A- 1 * 

i^i«if»Srti«ii«ii«ii»ii«ii^i^i«. 


j 


24 13 

P 


l-B-l 


■JiJUUtJiJiJiJlJiJiJiJ 


1 




NOTES: 

1 . CHAMFERED CONTOUR OPTIONAL. 

2. DIM L TO CENTER OF LEADS WHEN FORMED 
PARALLEL 

3. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

4. CONTROLUNG DIMENSION: INCH. 



|-$-| 0.25 (0.010) @ I T| A® I 



DIM 


INCHES 


MILLIMETERS | 


MIN 


MAX 


MIN 


MAX 


A 


1.230 


1.265 


31.25 


32.13 


B 


0.250 


0.270 


6.35 


6.85 


C 


0.145 


0.175 


3.69 


4.44 


D 


0.015 


0.020 


0.38 


0.51 


E 


0.050 BSC 


1.27 BSC 


F 


0.040 1 0.060 


1.02 1 1.52 


G 


0.100 BSC 


2.54 BSC 


J 


0.007 


0.012 


0.18 


0.30 


K 


0.110 


0.140 


2.80 


3.55 1 


L 


0.300 BSC 


7.62 BSC 1 


M 


0" 


15° 


0" 


15° 


N 


6.6^6 


(1.64(5 


6.5l 


.1.(51 



SO PACKAGE 
CASE 751 E-04 



^s- 



RRHRflfl 



flflRHRFI 



^ 



^ 



TF 



y y y y y Lf. 



■*— D24JPL 

|-0-|O.O1O(O.25)® |t| a(D| b©| 



31] P 12 PL 

F0To.Q1O(O.25)(M)|B®| 



a 



I I \ -H |^RX45' 



JL 



G22PL 



n 



NOTES: 

1 . DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DIMENSIONS A AND B DO NOT INCLUDE 
MOLD PROTRUSION. 

4. MAXIMUM MOLD PROTRUSION 0.1 5 
(0.006) PER SIDE. 

5. DIMENSION D DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF D 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 



DIM 


MILLIMETERS 


mt 


HES 


MIN 


MAX 


MIN 


MAX 


A 


15.25 


15.54 


0.601 


0.612 


B 


7.40 


7.60 


0.292 


0.299 


c 


2.35 


2.65 


0.093 


0.104 


D 


0.35 


0.49 


0.014 


0.019 


F 


0.41 


0.90 


0.016 


0.035 


G 


1.27 BSC 


0.05( 


3 BSC 


J 


0.23 


0.32 


0.009 


0.013 


K 


0.13 


0.29 


0.005 


0.011 


M 


0" 


8° 


0° 


8° 


P 


10.05 


10.55 


0.395 


0.415 


R 


0.25 


0.75 


0.010 


0.029 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-13 



28-PIN PACKAGES 



PLASTIC PACKAGE 
CASE 710-02 



AAAAAAAAAAAAAA 




28 15 




) 


B 


lO 14 


'' 



mwm 




NOTES: 

1 . POSITIONAL TOLERANCE OF LEADS (D) . 
SHALL BE WITHIN 0.25mm (0.010) AT 
MAXIMUM MATERIAL CONDITION. IN 
RELATION TO SEATING PLANE AND 
EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS 
WHEN FORMED PARALLEL. 

3. DIMENSIONS DOES NOT INCLUDE 
MOLD FLASH. 



DIM 


MILLIMETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


36.45 


37.21 


1.435 


1.465 


B 


13.72 


14.22 


0.540 


0.560 


C 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.100 BSC 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0« 16' 


b' 1 15' 


N 


0.51 1.02 


0.020 1 0.040 




CERAMIC PACKAGE 
CASE 751 F-04 



101 0.25 (0.010)® I B® I 



28X D 




^rN 



U-G 26X G 

1^0.25(0.010)® I T| B(D[ 



SEATING 
PLANE 



MP 



A(D| 



NOTES: 

1. DIMENSIONS "A" AND "B" ARE DATUMS 
AND TIS A DATUM SURFACE. 

2. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

3. CONTRaUNG DIMENSION: MILLIMETER. 

4. DIMENSION "A" AND "B" DO NOT INCLUDE 
MOLD PROTRUSION. 

5. MAXIMUM MOLD PROTRUSION 0.15 
(0.006) PER SIDE. 

6. DIMENSION "D" DOES NOT INCLUDE 
DAMBAR PROTRUSION. ALLOWABLE 
DAMBAR PROTRUSION SHALL BE 0.13 
(0.005) TOTAL IN EXCESS OF "D" 
DIMENSION AT MAXIMUM MATERIAL 
CONDITION. 



DIM 


MILLIhETERS 


INCHES 


MIN 


MAX 


MIN 


MAX 


A 


17.80 


18.05 


0.701 


0.711 


B 


7.40 


7.60 


0.292 


0.299 


C 


2.35 


2.65 


0.093 


0.104 


D 


0.35 


0.49 


0.014 


0.019 




0.41 


0.90 


0.016 


0.035 


6 


1.27 BSC 


0.05( 


)BSC 


J 


0.229 


0.317 


0.0090 


0.0125 


K 


0.127 


0.292 


0.0050 


0.0115 


M 


0^ 


8' 


0° 


8" 


P 


10.05 


10.55 


0.395 


0.415 


R 


0.25 


0.75 


0.010 


0.029 



Mechanical Data 
8-14 



MOTOROLA COMMUNICATIONS DEVICE DATA 



28-PIN PACKAGES 



PLCC PACKAGE 
CASE 776-02 



i-innnnnn 



-YBRK 



r-B l-^l 0.007(0.180) (m)|t|L-M(D|N©| 

U \W\ 0.007(0.180) ® |t| L-M(D I N©1 





L- G1 1-^| 0.010(0.250) © |t| L-M© I N© I 




a |-0-| 0.007(0.180) ® |T| L-M© |N© 
R |-0- I 0.007(0.180) ® |t| L-M© I N© 



I T "xT } } 1 ^ 0.004 (o.io"or 

-HGh- X Lj I -T- I SEATING 

U G1 J 



-VIEW S 




H |-^| 0.007(0.180)® |t|l-m©|n©| 



f |-0-| 0.007(0.180) (m)|t| L-M© I N© I 



I 0.010 (0.250) © I T| L-M© [ N© I 



VIEWS 



NOTES: 

1 . DATUMS -L-, -M-, AND -N- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOLD PARTING LINE. 

2. DIM G1 . TRUE POSITION TO BE MEASURED 
AT DATUM -T-. SEATING PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MOLD FLASH IS 0.010 (0.250) 
PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M.1982. 

5. CONTROLUNG DIMENSION: INCH. 

6. THE PACKAGE TOP MAY BE SMALLER THAN 
THE PACKAGE BOTTOM BY UP TO 0.012 
(0.300). DIMENSIONS R AND U ARE 
DETERMINED AT THE OUTERMOST 
EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MaD FLASH, TIE BAR 
BURRS, GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BETWEEN THE TOP AND BOnOM OF THE 
PLASTIC BODY 

7. DIMENSION H DOES NOT INCLUDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSION (S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 
(0.940). THE DAMBAR INTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.025 (0.635). 



DIM 


INCHES 


MILLI^ 


METERS 


MIN 


MAX 


MIN 


MAX 


A 


0.485 


0.495 


12.32 


12.57 


B 


0.485 


0.495 


12.32 


12.57 


c 


0.165 


0.180 


4.20 


4.57 


E 


0.090 


0.110 


2.29 


2.79 


F 


0.013 


0.019 


0.33 


0.48 


a 


o.oa 


DBSC 


1.27 


BSC 


H 


0.026 


0.032 


0.66 


0.81 


J 


0.020 


— 


0.51 


— 


K 


0.025 


— 


0.64 


— 


R 


0.450 


0.456 


11.43 


11.58 


U 


0.450 


0.456 


11.43 


11.58 


V 


0.042 


0.048 


1.07 


1.21 


W 


0.042 


0.048 


1.07 


1.21 


X 


0.042 


0.056 


1.07 


1.42 


Y 


— 


0.020 


— 


0.50 


Z 


2° 


10° 


r 


10° 


61 


0.410 


0.430 


10.42 


10.92 


K1 


0.040 


— 


1.02 


— 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-15 



40-PIN PACKAGES 



PLASTIC PACKAGE 
CASE 711-03 



,ririfsf\r\rtf\rtf\rii 



A » 



NOTES: 

1. POSITIONAL TOLERANCE OF LEADS P). SHALL 
BE WITHIN 0.25 mm (0.010) AT MAXIMUM 
MATERIAL CONDITION. IN RELATION TO SEATING 
PLANE AND EACH OTHER. 

2. DIMENSION L TO CENTER OF LEADS WHEN 
FORMED PARALLEL. 

3. DIMENSION B DOES NOT INCLUDE MOLD FLASH. 



\- SEATING 




DIM 


MILLIMETERS 


INCiE^ 1 




MAX 


MIN 


MAX 


A 


51.69 


52.45 


2.035 


2.065 


B 


13.72 


14.22 


0.540 


0.560 


c 


3.94 


5.08 


0.155 


0.200 


D 


0.36 


0.56 


0.014 


0.022 


F 


1.02 


1.52 


0.040 


0.060 


G 


2.54 BSC 


0.1 00 BSC 1 


H 


1.65 


2.16 


0.065 


0.085 


J 


0.20 


0.38 


0.008 


0.015 


K 


2.92 


3.43 


0.115 


0.135 


L 


15.24 BSC 


0.600 BSC 


M 


0' 15° 


0" 15' 


N 


0.51 1.02 


0.020 0.040 



Mechanical Data 
8-16 



MOTOROLA COMMUNICATIONS DEVICE DATA 



44-PIN PACKAGES 



PLCC PACKAGE 
CASE 777-02 



-*||^-EE] ^YBRK 









^i 




1^ 


T| 




iT 






! \ 










.. f\ . ^^ 


1 




w 

VIEW D-D 

j-^l 0.007(0.180) ®|T|L-M(D|N©| 
■0-1 0.007(0.180) (M) |t| L-M(D |N© 




CBfflffliffl 



1^ G1 



1 0.010(0.250) ©|t|l-m©|n(D 




Ol 0.004(0.100) 




G1 1-^1 0.010(0.250) © |t| L-M© I N(D I 



■*-H 1^1 0.007(0.180) (g)|T|L-M© I N©1 

i_ 



F|-0-| 0.007(0.160) ®|t| L-M© I N© I 



VIEWS 



NOTES: 

1 . DATUMS -L-. -M-. AND -N- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXITS 
PLASTIC BODY AT MOLD PARTING LINE. 

2. DIM G1 , TRUE POSITION TO BE MEASURED AT 
DATUM -T-. SEATING PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD FLASH. 
ALLOWABLE MaO FLASH IS (0.010) 0.25 
PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

5. CONTROLUNG DIMENSION: INCH. 

6. THE PACKAGE TOP MAY BE SMALLER THAN 
THE PACKAGE BOHOM BY UP TO 0.012 
(0.300). DIMENSIONS R AND U ARE 
DETERMINED AT THE OUTERMOST EXTREMES 
OF THE PLASTIC BODY EXCLUSIVE OF MOLD 
FLASH, TIE BAR BURRS. GATE BURRS AND 
INTERLEAD FLASH. BUT INCLUDING ANY 
MISMATCH BETWEEN THE TOP AND BOTTOM 
OF THE PLASTIC BODY 

7. DIMENSION H DOES NOT INCLUDE DAMBAR 
PROTRUSION OR INTRUSION. THE DAMBAR 
PROTRUSION(S) SHALL NOT CAUSE THE H 
DIMENSION TO BE GREATER THAN 0.037 
(0.940). THE DAMBAR INTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.025 (0.635). 



DIM 


INCHES 


MILLIKETERSi 


MIN 


MAX 


MIN 


MAX 


A 


0.685 


0.695 


17.40 


17.65 




0.685 


0.695 


17.40 


17.65 


C 


0.165 


0.180 


4.20 


4.57 


E 


0.090 


0.110 


2.29 


2.79 


F 


0.013 


0.019 


0.33 


0.48 


G 


0.05( 


BSC 


1.27 BSC 1 


H 


0.026 


0.032 


0.66 


0.81 


J 


0.020 


— 


0.51 


— 


K 


0.025 


— 


0.64 


— 


R 


0.650 


0.656 


16.51 


16.66 


U 


0.650 


0.656 


16.51 


16.66 


V 


0.042 


0.048 


1.07 


1.21 


W 


0,042 


0.048 


1.07 


1.21 


X 


0.042 


0.056 


1.07 


1.42 


Y 


— 


0.020 


— 


0.50 


2 


2* 


10* 


2* 


10» 


61 


0.610 


0.630 


15.50 


16.00 


Kl 


0.040 


— 


1.02 


— 



MOTOROLA COMMUNICATIONS DEVICE DATA 



Mechanical Data 
8-17 



68-PIN PACKAGES 



PLCC PACKAGE 
CASE 779-01 



-^|MIE] 



-YBRK 









u u u u u u u u u u u u u u u u u, 



J U UU UU U L 



J 



1 



1 



w 



I 0.007(0.180) ®|T I L-M© I N© I 
I U |-$-| 0.007(0.180) (m)|t| L-M© |N©| 




VIEW D-D 




0.007(0.180) (m)|t| L-M© |N©| 



^1 0.007(0.180)® I T| L-M© I N© I l 



"|"i"" -W Tl |Q| 0.004(0. 

~i 1^ \ I 1 I -T- 1 SEATING 

\ ^^ ' ' PLANE 

V_ VIEWS 



1^1 0.010(0.250) ^|T| L-M© I N© I 



100)1 




1-^1 0.007(0.180) ® |t| L-M© |n©| 



|-^| 0.007 (0.180) (M) |t|l-m©|n©| 



VIEWS 



NOTES: 

1 . DATUMS -L-, -M-, AND -N- DETERMINED 
WHERE TOP OF LEAD SHOULDER EXITS 
PIj\STIC body at MaD PARTING LINE. 

2. DIM G1, TRUE POSITION TO BE 
MEASURED AT DATUM -T-. SEATING 
PLANE. 

3. DIM R AND U DO NOT INCLUDE MOLD 
FU«H. ALLOWABLE MOLD FLASH IS 
0.010 (0.250) PER SIDE. 

4. DIMENSIONING AND TOLERANCING PER 
ANSI Y14.5M, 1982. 

5. CONTROLLING DIMENSION: INCH. 

6. THE PACKAGE TOP MAY BE SMALLER 
THAN THE PACKAGE BOHOM BY UP TO 
0.012(0.300). DIMENSIONS R AND U 
ARE DETERMINED AT THE OUTERMOST 
EXTREMES OF THE PLASTIC BODY 
EXCLUSIVE OF MOLD FLASH, TIE BAR 
BURRS. GATE BURRS AND INTERLEAD 
FLASH, BUT INCLUDING ANY MISMATCH 
BETWEEN THE TOP AND BOHOM OF 
THE PLASTIC BODY 

7. DIMENSION H DOES NOT INCLUDE 
DAMBAR PROTRUSION OR INTRUSION. 
THE DAMBAR PROTRUSION(S) SHALL 
NOT CAUSE THE H DIMENSION TO BE 
GREATER THAN 0,037 (0.940), THE 
DAMBAR INTRUSION(S) SHALL NOT 
CAUSE THE H DIMENSION TO BE 
SMALLER THAN 0.025 (0,635). 



DIM 


INCHES 


JilJLUM 


lEIEBS- 


MIN 


MAX 


MIN 


MAX 


A 


0.985 


0,995 


25,02 


25.27 


B 


0.985 


0,995 


25,02 


25.27 


c 


0.165 


0.180 


4.20 


4.57 


E 


0.090 


0,110 


2,29 


2,79 


F 


0.013 


0,019 


0.33 


0,48 


G 


0.050 BSC 


1.27 


BSC 


H 


0.026 


0,032 


0.66 


0,81 


J 


0.020 




0,51 


— 


K 


0.025 


— 


0.64 


— 


R 


0.950 


0,956 


24,13 


24,28 


U 


0.950 


0.956 


24,13 


24,28 


V 


6.645 


0.64S 


1,07 


1,51 


W 


0,042 


0,048 


1,07 


1,21 


X 


0.042 


0,056 


1,07 


1,42 


Y 


— 


0.020 


— 


0.50 


Z 


2» 


10° 




10° 


61 


0,910 


0.930 


23,12 


23.62 


K1 


0,040 


— 


1,02 


— 



Mechanical Data 
8-18 



MOTOROLA COMMUNICATIONS DEVICE DATA 



68-PIN PACKAGES 



PLASTIC QUAD FLAT PACK (PQFP) 
CASE 847-01 



0.25 (0.010) ©|T I X© -Yd) I Z©| 
0.05(0.002)1 





k^l: — ' — " 

SECTION P-P 



| q| 0.10 (0.004)1 f 

I -T- I SEATING PLANE 



— hU— D68PL 

1^1 0.20 (0.008) © I T I X© - Y© I Z (D I 



NOTES: 

1. DIMENSIONING AND TOLERANCING PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: INCH. 

3. DIMENSIONS A. B. N. AND R DO NOT INCLUDE 
MOLD PROTRUSION. ALLOWABLE MOLD 
PROTRUSION FOR DIMENSIONS A AND B IS 
0.25 (0.01 0). FOR DIMENSIONS N AND R IS 0.18 
(0.007). 

4. DATUM PLANE -W- IS LOCATED AT THE 
UNDERSIDE OF LEADS WHERE LEADS EXIT 
PACKAGE BODY. 

5. DATUMS X-Y AND -Z- TO BE DETERMINED 
WHERE CENTER LEADS EXIT PACKAGE BODY 
AT DATUM -W-. 

6. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE. DATUM -T-. 

7. DIMENSIONS A, B. N, AND R TO BE 
DETERMINED AT DATUM PLANE -W-. 



DIM 


INC 


^ES 


MILLIN 


ETERS 


MIN 


MAX 


MIN 


MAX 


A 


0.547 


0.553 


13.90 


14.04 


B 


0.547 


0.553 


13.90 


14.04 


C 


0.084 


0.120 


2.14 


3.04 


D 


0.008 


0.012 


0.21 


0.30 


Q 


0.05 


5BSC 


o.e 


4BSC 


H 


0.004 


0.019 


0.11 


0.40 


J 


0.006 


0.008 


0.16 


0.20 


K 


0.020 


0.030 


0.51 


0.76 


L 


0.4 


X)REF 


10. 


6REF 


M 


0° 


8» 


0° 


8° 


N 


0.697 


0.703 


17.71 


17.85 


A 


0.697 


0.703 


17.71 


17.85 


S 


0.675 


0.685 


17.15 


17.39 


V 


0.675 


0.685 


17.15 


17.39 
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68-PIN PACKAGES 



CERAMIC QUAD FLAT PACK (CQFP) 
CASE 847B-01 





L [~^. M. N- 




0.20(0.008) (M)|t| L44(D I N ©[ 



SECTION J1-J1 
68 PL 
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I .H- I DATUM 
/ LllJ PLANE 



^;j ^/ 1^0.10(0.004) 



SEATING PLANE 




NOTES: 

1. ALL DIMENSIONS AND TOLERANCES PER ANSI 
Y14.5M,1982. 

2. CONTROLLING DIMENSION: MILLIMETER. 

3. DATUM PLANE -H- IS LOCATED AT BOTTOM OF 
LEAD AND IS COINCIDENT WITH THE LEAD 
WHERE THE LEAD EXITS THE CERAMIC BODY. 

4. DATUMS L-M AND -N- TO BE DETERMINED AT 
DATUM PLANE -H-. 

5. DIMENSIONS S AND V TO BE DETERMINED AT 
SEATING PLANE -T. 

6. DIMENSIONS A AND B DEFINE MAXIMUM 
CERAMIC BODY DIMENSIONS INCLUDING GLASS 
PROTRUSION AND MISMATCH OF CERAMIC 
BODY TOP AND BOnOM. 



DIM 


MILLIMETERS 


INC 


HES 


MIN 


MAX 


MIN 


MAX 


A 


21.85 


22.86 


0.860 


0.900 


B 


21.85 


22.86 


0.860 


0.900 


C 


3.94 


4.31 


0.155 


0.170 


D 


0.204 


0.292 


0.0080 


0.011 


E 


2.95 


3.71 


0.116 


5 


F 


0.20 


0.28 


0.008 


0.146 


G 


1.27 BSC 


0.050 BSC 


J 


0.13 


0.20 


0.005 


0.008 


K 


0.51 


0.76 


0.020 


0.030 


S 


27.31 


27.55 


1.075 


1.085 


V 


27.31 


27.55 


1.075 


1.085 


W 


0.64 


0.88 


0.025 


0.035 


A1 


0.64 


0.88 


0.025 


0.035 


81 


0.10 


0.15 


0.004 


0.006 


CI 


2.64 REF 


0.1 00 REF 


R1 


0.20 REF 


0.008 REF 


R2 


0.20 REF 


0.008 REF 


ei 


0° 8° 


0°| 8° 
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0» 8» 
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MOTOROLA COMMUNICATIONS DEVICE DATA 



MOTOROLA DISTRIBUTOR AND WORLDWIDE SALES OFFICES 
AUTHORIZED NORTH AMERICAN DISTRIBUTORS 



UNITED STATES 

ALABAMA 

Huntsville 

ArTDW/Schweber Electronics . (205)837-6955 

Future Electronics (205)830-2322 

Hail-Mark Electronics (205)837-8700 

Hail-Mark Electronics (205)837-8700 

Newark (205)837-9091 

Time Electronics (205)721-1133 

Arizona 

Chandler 

Hamllton/Avnet Electronics .. (602)961-0836 

Phoenix 

Future Electronics (602)968-7140 

Hail-Mark Electronics (602)437-1200 

Newark Electronics (602)864-9905 

Wyle Laboratories (602)437-2088 

Tempe 

Arrow/Schweber Electronics . (602)431-0030 

Time Electronics (602)967-2000 

CALIFORNiA 

Aqoura Hiiis 

Time Electronics Corporate . . (818)707-2890 

Belmont 

Richardson Electronics (415)592-9225 

Calabassas 

Anow/Schweber Electronics . (818)880-9686 

Wyle Laboratories (818)880-9000 

Chatsworth 

Future Electronics (818)772-6240 

Hail-Mark Electronics (818)773-4500 

Time Electronics (818)998-7200 

Costa Mesa 

Hamilton/Avnet Electronics .. (714)754-6092 

Culver City 

Hamilton/Avnet Corporate .. (213)558-2000 

Gardena 

Hamilton/Avnet Electronics .. (213)516-6498 

Irvine 

Arrow/Schweber Electronics (714)587-0404 

Future Electronics (714)250-4141 

Hall-Mark Electronics (714)727-6000 

Wyle Laboratories Corporate . (714)753-9953 

Wyle Laboratories (714)863-9953 

Mountain View 

Richardson Electronics (415)960-6900 

Orange 

Newari< (714)634-8224 

Rocklin 

Hall-Mari< Electronics (916)624-9781 

Sacramento 

Hamilton/Avnet Electronics .. (916)925-2216 

Newark (916)721-1633 

Wyle Laboratories (916)638-5282 

San Diego 

Arrow/Schweber Electronics (6 1 9)565-4800 

Future Electronics (619)278-5020 

Hall-Mari< Electronics (619)268-1201 

Hamilton/Avnet Electronics .. (619)571-8730 

Newaric (619)569-9877 

Wyle Laboratories (619)565-9171 

San Francisco 

Newari< (415)571-5300 

San Jose 

Arrow/Schweber Electronics . (408)441-9700 

Arrow/Schweber Electronics . (408)428-6400 

Future Electronics (408)434-1122 

Hall-Mari< Electronics (408)432-4000 

Santa Clara 

Wyle Laboratories (408)727-2500 



Sunnyvale 

Hamiton^Avnet Electronics .. (408)743-3300 

Time Electronics (408)734-9888 

Torrance 

Time Electronics (310)320-0880 

Tustin 

Time Electronics (714)669-0100 

West Hills 

Newari< (818)888-3718 

Woodland Hills 

Hamilton/Avnet Bectronics .. (818)594-0404 

Richardson Electronics (615)594-5600 

COLORADO 

Broomfield 

Future Electronics (303)421-0123 

Colorado Springs 
Newaric (719)592-9494 

Denver 
Newari< (303)757-3351 

Englewood 
Arrow/Schweber Electronics . (303)799-0258 

Hall-Mari< Electronics (303)790-1662 

Hamilton/Avnet Electronics .. (303)740-1000 
Time Electronics (303)721-8882 

Thornton 
Wyle Uboratories (303)457-9953 

CONNECTICUT 

Bethel 

Future Electronics (203)743-9594 

Cheshire 

Hall-Mari< Electronics (203)271-2844 

Danbury 

Hamilton/Avnet Electronics .. (203)743-6077 
Southbury 

Time Electronics (203)271-3200 

Wallingfort 

AfTDw^chweber Electronics . (203)265-7741 
Windsor 

Newark (203)683-8860 

FLORIDA 

Altamonte Springs 

Future Electronics (407)767-8414 

Casselberry 
Hall-Mari< Electronics (407)830-5855 

Clearwater 

Future Electronics (813)530-1222 

Hall-Mari< Electronics (813)541-7440 

Deerfield Beach 
Arrow/Schweber Electronics . (305)429-8200 

Ft. Lauderdale 
Hamilton/Avnet Electronics .. (305)767-6377 
Time Electronics (305)484-1778 

Lake Mary 
Arrow/Schweber Electronics . (407)333-9300 

Orlando 
Hamilton/Avnet Electronics .. (407)628-3888 

Newari< (407)896-8350 

Time Electronics (407)841-6565 

Plantation 
Newari< (305)424-4400 

Pompano Beach 
Hall-Mari< Electronics (305)971-9280 

Tampa/St. Petersburg 
Hamilton/Avnet Electronics .. (813)573-3930 

Newari< (813)287-1578 

Time Electronics (407)841-6565 

Winter Park 
Richardson Electronics (407)644-1453 

GEORGIA 

Atlanta 

Time Electronics (404)351-3545 



Duluth 

Arrow/Schweber Electronics . (404)497-1300 

Hall-Mark Electronics (404)623-4400 

Hamilton/Avnet Electronics . . . (404)446-0611 

Norcross 

Future Electronics (404)441-7676 

Newari< (404)448-1300 

Time Electronics (404)368-0969 

ILLINOIS 

Bensenville 
Hamilton/Avnet Electronics .. (708)860-7700 

Chicago 
Newari< Electronics Corp. .. (312)784-5100 

Hoffman Estates 
Future Electronics (708)882-1255 

Itasca 
Arrow/Schweber Electronics (708)250-0500 

LaFox 
Richardson Electronics (708)208-2401 

Schaumburg 

Newari< (708)310-8980 

Time Electronics (708)303-3000 

Wooddale 
Hall-Mark Electronics (708)860-3800 

INDIANA 
Indianapolis 

Arrow/Schwet)er Electronics . (317)299-2071 

Hall-Mark Electronics (317)872-8875 

Hamilton/Avnet Electronics .. (317)844-9333 

Newari< (317)259-0085 

Time Electronics (708)303-3000 

Ft. Wayne 
Newari< (219)484-0766 

IOWA 
Cedar Rapids 

Hamilton/Avnet Electronics .. (319)362-4757 

Newari< (319)393-3800 

Time Electronics (314)391-6444 

KANSAS 
Lenexa 
Arrow/Schwet)er Electronics . (913)541-9542 

Hail-Mark Electronics (913)888-4747 

Overland Park 
Hamilton/Avnet Electronics .. (913)888-8900 

Newari< (913)677-0727 

Time Electronics (314)391-6444 

MARYLAND 

Beltsvilie 

Newari< (301)604-1700 

Columbia 
Arrow/Schweber Electronics . (301)596-7800 

Future Electronics (301)290-0600 

Hall-Mark Electronics (301)988-9800 

Hamilton/Avnet Electronics .. (301)995-3500 

Time Electronics (301)964-3090 

MASSACHUSETTS 

Billerica 
Hall-Mark Electronics (508)667-0902 

Boston 
Amow/Schweber Electronics . (508)658-0900 
Hamilton/Avnet Electronics .. (508)531-7430 

Bolton 
Future Corporate (508)779-3000 

Burlington 
Wyle Uboratories (617)272-7300 

Methuen 
Newari< (508)683-0913 

Norwell 
Richardson Electronics (617)871-5162 

Peabody 
Time Electronics (508)532-9900 



For changes to this information contact Technical Publications at FAX (602) 897-4171 



AUTHORIZED DISTRIBUTORS - continued 



UNITED STATES - continued 
MICHIGAN 
Detroit 

Newark (313)967-0600 

Grand Rapids 

Hamilton/Avnet Electronics ., (616)243-8805 

Livonia 

Arrow/Schweber Electronics . (313)462-2290 

Future Electronics (313)261-5270 

Hall-Mark Electronics (313)462-1205 

Hamilton/Avnet Electronics .. (313)347-4270 

Time Electronics (614)794-3301 

IVIINNESOTA 

Eden Prairie 

Arrow/Schwet5er Electronics . (612)941-5280 

Future Electronics (612)944-2200 

Hall-Mark Electronics (612)881-2600 

Time Electronics (612)943-2433 

Minneapolis 

Hamilton/Avnet Electronics .. (612)932-0600 

Newark (612)331-6350 

MISSOURI 

Earth City 

Hall-Mark Electronics (314)291-5350 

Hamilton/Avnet Electronics .. (314)537-1600 
St. Louis 

Arrow/Schweber Electronics . (314)567-6888 

Future Electronics (314)469-6805 

Newark (314)298-2505 

Time Electronics (314)391-6444 

NEW HAMPSHIRE 
Manchester 

Hamilton/Avnet Electronics . . (603)624-9400 

NEW JERSEY 
Cherry Hill 

Hamilton/Avnet Electronics .. (609)424-0100 
Fairfield 

Future Electronics (201)299-0400 

Newark (201)882-0300 

Marlton 

Anrow/Schweber Electronics . (609)596-8000 

Future Electronics (609)778-7600 

Mount Laurel 

Hall-Mark Electronics (609)235-1900 

Pinebrook 

Arrow/Schweber Electronics . (201)227-7880 
Parsippany 

Hall-Mark Electronics ...... (201)515-3000 

Hamilton/Avnet Electronics .. (201)575-3390 
Wayne 

Time Electronics (201)785-8250 

NEW MEXICO 

Albuquerque 

Alliance Electronics (505)292-3360 

Hamilton/Avnet Electronics . . (505)345-0001 

Newark (505)828-1878 

NEW YORK 
Commack 

Newark (516)499-1216 

Falrport 

Hall-Mark Electronics ...... (716)425-3300 

Hauppauge 
Arrow/Schweber Electronics . (516)231-1000 

Future Electronics (516)234-4000 

Hall-Mark Electronics ...... (516)737-0600 

Hamilton/Avnet Electronics .. (516)231-9800 

Liverpool 
Future Electronics (315)451-2371 

Pittsford 
Newark (716)381-4244 

Rochester 
Arrow/Schweber Electronics . (716)427-0300 



; Future Electronics (716)272-1120 

Hall-Mark Electronics (716)425-3300 

Hamilton/Avnet Electronics .. (716)292-0730 

Richardson Electronics (716)264-1100 

Time Electronics (315)432-0355 

Rockville Centre 
Richardson Electronics (516)872-4400 

Syracuse 
Hamilton/Avnet Electronics .. (315)437-2641 
Time Electronics (315)432-0355 

NORTH CAROLINA 

Charlotte 

Future Electronics (704)455-9030 

Richardson Electronics (704)548-9042 

Greensboro 

Newark (919)292-7240 

Raleigh 

Arrow/Schweber Electronics . (919)876-3132 

Future Electronics (919)790-7111 

Hall-Mark Electronics (919)872-0712 

Hamilton/Avnet Electronics .. (919)878-0810 

Time Electronics (919)693-5166 

OHIO 

Centerville 

Arrow/Schweber Electronics . (513)435-5563 

Cleveland 

Hall-Mark Electronics (216)349-4632 

Hamilton/Avnet Electronics .. (216)349-5100 

Newark (216)391-9330 

Time Electronics (614)794-3301 

Columbus 
Hamilton/Avnet Electronics . . (614)882-7004 

Newark (614)431-0809 

Time Electronics (614)794-3301 

Dayton 
Hamilton/Avnet Electronics .. (513)439-6700 

Newark (513)294-8980 

Time Electronics (614)794-3301 

Mayfield Heights 
Future Electronics (216)449-6996 

Solon 
Arrow/Schweber Electronics . (216)248-3990 

Toledo 
Hamilton/Avnet Electronics .. (419)242-6610 

Worth ington 
Hall-Mark Electronics (614)888-3313 

OKLAHOMA 

Tulsa 

Hall-Mark Electronics (918)254-6110 

Hamilton/Avnet Electronics .. (918)252-7297 
Newark (918)252-5070 

OREGON 

Beaverton 

Arrow/Almac Electronics Corp. (503)629-8090 

Future Electronics (503)645-9454 

Wyle Laboratories ; . (503)643-7900 

Portland 

Hamilton/Avnet Electronics . . (503)627-0201 

Newark (503)297-1984 

Time Electronics (503)626-2979 

PENNSYLVANIA 

Erie 

Hamilton/Avnet Electronics .. (814)455-6767 
King of Prussia 

Newark (215)265-0933 

Montgomeryville 

Richardson Electronics (215)628-0805 

Philadelphia 

Hall-Mark Electronics (215)355-7300 

Time Electronics (609)596-6700 

Pittsburgh 

An-ow/Schweber Electronics . (412)963-6807 

Hamilton/Avnet Electronics .. (412)281-4150 



Newark (412)788-4790 

Time Electronics (614)794-3301 

TENNESSEE 

Franklin 

Richardson Electronics (615)791-4900 

Knoxville 

Newark (615)588-6493 

TEXAS 

Austin 

Arrow/Schweber Electronics . (512)835-4180 

Hall-Mark Electronics (512)258-8848 

Hamilton/Avnet Electronics .. (512)832-4306 

Newark (512)338-0287 

Time Electronics (512)346-7346 

Wyle Laboratories (512)345-8853 

Carollton 

Arrow/Schweber Electronics . (214)380-6464 

Dallas 

Future Electronics (214)437-2437 

Hall-Mark Corporate (214)343-5000 

Hall-Mark Electronics (214)553-4300 

Hamilton/Avnet Electronics .. (214)308-8140 

Richardson Electronics (214)239-3680 

Time Electronics (214)644-4644 

Wyle Laboratories (214)235-9953 

Ft. Worth 

Allied Electronics (817)336-5401 

Houston 

Arrow/Schweber Electronics . (713)530-4700 

Future Electronics (713)556-8696 

Hall-Mark Electronics (713)781-6100 

Hamilton/Avnet Electronics .. (713)240-7898 

Newark (713)270-4800 

Time Electronics (71 3)530-0800 

Wyle Laboratories (713)879-9953 

Richardson 

Newark (214)235-1998 

UTAH 

Salt Lake City 

Arrow/Schweber Electronics . (801)973-6913 

Future Electronics (801)972-8489 

Hamilton/Avnet Electronics .. (801)972-2800 

Newark (801)261-5660 

West Valley City 

Hall-Mark Electronics (801)972-1008 

Time Electronics (801)973-8494 

Wyle Laboratories (801)974-9953 

WASHINGTON 

Bellevue 

Almac Electronics Corp. . . . (206)643-9992 

Future Electronics (206)881-8199 

Hall-Mark Electronics (206)547-0415 

Newark (206)641-9800 

Richardson Electronics (206)646-7224 

Redmond 

Hamilton/Avnet Electronics .. (206)241-8555 

Time Electronics (206)820-1525 

Wyle Laboratories (206)881-1150 

Spokane 

Arrow/Almac Electronics Corp. (509)924-9500 

WISCONSIN 

Brookfield 

Arrow/Schweber Electronics . (414)792-0150 
Milwaukee 

Time Electronics (708)303-3000 

New Berlin 

Hall-Mark Electronics (414)797-7844 

Hamilton/Avnet Electronics .. (414)784-4510 
^A^3 u kfis h 3 

Future Electronics (414)786-1884 

Wauwatosa 

Newark (414)453-9100 



For changes to this information contact Technical Publications at FAX (602) 897-4171 



AUTHORIZED DISTRIBUTORS - continued 



CANADA 

ALBERTA 

Calgary 

Electro Sonic Inc (403)255-9550 

Future Electronics (403)250-5550 

Hamilton/Avnet Electronics . . (800)663-5500 
Edmonton 

Future Electronics (403)438-2858 

Hamilton/Avnet Electronics . (800)663-5500 

BRITISH COLUMBIA 

Vancouver 

Arrow Electronics (604)421-2333 

Electro Sonic Inc (604)273-2911 

Future Electronics (604)294-1166 



Hamilton/Avnet Electronics .. (604)420-4101 

Newark (800)463-9275 

MANITOBA 

Winnipeg 

Electro Sonic Inc (204)783-3105 

Future Electronics (204)786-7711 

Hamilton/Avnet Electronics .. (800)663-5500 
ONTARIO 

Ottawa 

Arrow Electronics (613)226-6903 

Electro Sonicinc (613)728-8333 

Future Electronics (613)820-8313 

Hamilton/Avnet Electronics .. (613)226-1700 

Toronto 

Arrow Electronics (416)670-7769 



Electro Sonicinc (416)494-1666 

Future Electronics (416)612-9200 

Hamilton/Avnet Electronics .. (416)564-6060 

Newark (800)463-9275 

Richardson Electronics (800)348-5530 

QUEBEC 

Montreal 

Arrow Electronics (514)421-7411 

Future Electronics (514)694-7710 

Hamilton/Avnet Electronics .. (514)335-1000 

Newark (800)463-9275 

Richardson Electronics (800)348-5530 

Quebec City 

Future Electronics (418)877-6666 



SALES OFFICES 



UNITED STATES 

ALABAMA, Huntsville (205)464-6800 

ARIZONA, Tempo (602)897-5056 

CALIFORNIA, Agoura Hills .... (818)706-1929 

CALIFORNIA, Los Angeles .... (310)417-8848 

CALIFORNIA, Irvine (714)753-7360 

CALIFORNIA, Roseville (916)922-7152 

CALIFORNIA, San Diego (619)541-2163 

CALIFORNIA, Sunnyvale (408)749-0510 

COLORADO, Colorado Springs . (719)599-7497 

COLORADO, Denver (303)337-3434 

CONNECTICUT, Wallingford ... (203)949-4100 

FLORIDA, Maitland (407)628-2636 

FLORIDA, Pompano Beach/ 

Ft. Lauderdale (305)486-9776 

FLORIDA, Clearwater (813)538-7750 

GEORGIA, Atlanta (404)729-7100 

IDAHO, Boise (208)323-9413 

ILLINOIS, Chicago/ 

Hoffman Estates (708)490-9500 

INDIANA, Fort Wayne (219)436-5818 

INDIANA, Indianapolis (317)571-0400 

INDIANA, Kokomo (317)457-6634 

IOWA, Cedar Rapids (319)373-1328 

KANSAS, Kansas City/Mission . (913)451-8555 

MARYLAND, Columbia (410)381-1570 

MASSACHUSETTS, Mariborough (508)481-8100 

MASSACHUSETTS, Wobum .. (617)932-9700 

MICHIGAN, Detroit (313)347-6800 

MINNESOTA, Minnetonka (612)932-1500 

MISSOURI, St. Louis (314)275-7380 

NEW JERSEY, Fairfield (201)808-2400 

NEW YORK, Fairport (716)425-4000 

NEW YORK, Hauppauge (516)361-7000 

NEW YORK, Poughkeepsie/ 

Fishkill (914)896-0511 

NORTH CAROLINA, Raleigh .. (919)870-4355 

OHIO, Cleveland (216)349-3100 

OHIO, Columbus/Worthington .. (614)431-8492 

OHIO, Dayton (513)495-6800 

OKLAHOMA, Tulsa (800)544-9496 

OREGON, Portland (503)641-3681 

PENNSYLVANIA, Colmar (215)997-1020 

Philadelphia/Horsham (215)957-4100 

TENNESSEE, Knoxville (615)690-5593 



TEXAS, Austin (512)873-2000 

TEXAS, Houston (800)343-2692 

TEXAS, Piano (214)516-5100 

VIRGINIA, Richmond (804)285-2100 

WASHINGTON, Bellevue (206)454-4160 

Seattle Access (206)622-9960 

WISCONSIN, Milwaukee/ 

Brookfield (414)792-0122 

Field Applications Engineering Available 
Through All Sales Offices 

CANADA 

BRmSH COLUMBIA, Vancouver . (604)293-7650 

ONTARIO, Toronto (416)497-8181 

ONTARIO, Ottawa (613)226-3491 

QUEBEC, Montreal (514)731-6881 

INTERNATIONAL 

AUSTRALIA, Melbourne (61-3)887-0711 

AUSTRALIA, Sydney 61 (2)906-3855 

BRAZIL, Sao Paulo 55(11)815-4200 

CHINA, Beijing 86-505-2180 

FINLAND, Helsinki 358-0-35161191 

car phone 358(49)211501 

FRANCE, ParisA/anves 33(1)40 955 900 

GERMANY, Langenhagen/ 

Hannover 49(511)789911 

GERMANY Munich 49 89 92103-0 

GERMANY, Nurenberg 49 911 64-3044 

GERMANY, Sindelfingen 49 7031 69 910 

GERMANY, Wiesbaden 49 611761921 

HONG KONG, Kwai Fong 852-4808333 

Tai Po 852-6668333 

INDIA, Bangalore (91-812)627094 

ISRAEL, Tel Aviv 972(3)753-8222 

ITALY, Milan 39(2)82201 

JAPAN, Aizu 81(241)272231 

JAPAN, Atsugi 81(0462)23-0761 

JAPAN, Kumagaya 81(0485)26-2600 

JAPAN, Kyushu 81(092)771-4212 

JAPAN, Mito 81 (0292)26-2340 

JAPAN, Nagoya 81(052)232-1621 

JAPAN, Osaka 81(06)305-1801 

JAPAN, Sendai 81(22)268-4333 

JAPAN, Tachikawa 81(0425)23-6700 



JAPAN, Tokyo 81(03)3440-3311 

JAPAN, Yokohama 81(045)472-2751 

KOREA, Pusan 82(51)4635-035 

KOREA, Seoul 82(2)554-5118 

MALAYSIA, Penang 60(4)374514 

MEXICO, Mexico City 52(5)282-2864 

MEXICO, Guadalajara 52(36)21-8977 

Marketing 52(36)21-9023 

Customer Service 52(36)669-9160 

NETHERLANDS, Best (31)4998 612 11 

PUERTO RICO, San Juan (809)793-2170 

SINGAPORE (65)2945438 

SPAIN, Madrid 34(1)457-8204 

or 34(1)457-8254 

SWEDEN, Solna 46(8)734-8800 

SWITZERLAND, Geneva 41(22)799 1111 

SWITZERLAND, Zurich 41 (1)730-4074 

TAIWAN, Taipei 886(2)717-7089 

THAILAND, Bangkok (66-2)254-4910 

UNFTED KINGDOM, Aylesbury . . 44(296)395-252 

FULL LINE REPRESENTATIVES 

CALIFORNIA, Loomis 

Galena Technology Group ... (916)652-0268 
COLORADO, Grand Junction 

Cheryl Lee Whitely (303)243-9658 

KANSAS, Wichita 

Melinda Shores/Kelly Greiving . (316)838-0190 
NEVADA, Reno 

Galena Technology Group ... (702)746-0642 
NEW MEXICO, Albuquerque 

S&S Technologies, Inc (505)298-7177 

UTAH, Salt Lake City 

Utah Component Sales, inc. .. (801)561-5099 
WASHINGTON, Spokane 

Doug Kenley (509)924-2322 

ARGENTINA, Buenos Aires 

Argonics, S.A (541)343-1787 

HYBRID/MCM COMPONENT 
SUPPLIERS 

Chip Supply (407)298-7100 

Elmo Semiconductor (818)768-7400 

Minco Technology Labs Inc (512)834-2022 

Semi Dice Inc (310)594-4631 



For changes to this information contact Technical Publications at FAX (602) 897-4171 
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